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Comparing  International  Technological  Capabilities 

906C3849A  Tokyo  BOEI  GIJUTSU  in  Japanese  Dec  89  pp  37-48 

[Article  by  Atsuhiko  Banshou:  "Critical  Technology — Comparison  of  the 
Technological  Levels  of  the  United  States  and  Other  Countries"] 

[Text]  I  have  introduced  the  outline  of  the  critical  technology  plan  of 
the  Department  of  Defense  (DOD)  of  the  United  States  in  the  June  issue 
of  DEFENSE  TECHNOLOGY  JOURNAL.  In  addition,  I  have  introduced  the 
outline  and  impact  of  22  individual  technologies  oh  weapon  systems,  and 
the  status  of  research  and  development  carried  out  by  DOD  and  organs 
other  than  the  DOD  in  the  July  to  November  issues  of  DEFENSE  TECHNOLOGY 
JOURNAL  on  the  basis  of  attached  data. 

This  report  was  first  published  on  15  March  1989,  and  the  contents  were 
introduced  as  mentioned  above.  Subsequently,  a  revised  report  was 
published  on  May  1989.  The  main  revisions  were  the  separation  of 
the,  "Overall  Evaluation"  chapter  mentioned  in  the  report  from  the 
"Status  of  Research  and  Development  Carried  Out  by  Organs  Other  Than  the 
DOD"  mentioned  in  the  attached  data,  and  the  separation  of  "Relevant 
Research  and  Development  Work  in  the  United  States"  from  "Comparisons 
with  Other  Countries."  Particularly,  details  of  the  "Comparison  with 
Other  Countries"  have  been  described  in  a  series  of  this  journal  since 
the  first  edition.  Also,  the  revision  covers  "Tables  of  Comparison  with 
Capability  of  Foreign  Countries  with  respect  to  each  new  technology. 
"Comparison  with  Other  Countries"  shows  the  present  and  future  power  of 
hostile  countries  and  indicates  opportunities  for  cooperation  for  mutual 
benefit  of  the  United  States  and  allied  countries.  I  will  describe  here 
the  contents  of  the  "Overall  Evaluation"  and  "Tables  of  Comparison  with 
Capability  of  Foreign  Countries"  mentioned  in  the  report. 

Critical  Technology  Plan 

E.  Overall  Evaluation 

The  main  purpose  of  the  science  and  technology  plan  of  the  DOD  are  still 
the  development  and  application  of  new  technologies,  because  present 
weapon  systems  increasingly  rely  on  advanced  technologies.  As  can  be 
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seen  from  the  advent  of  radar  equipment  and  nuclear  weapons  in  World  War 
II  and  that  of  subsequent  aerospace,  electronic,  and  computer 
industries,  and  national  defense  demand  has  brought  about  unforeseen 
nonmilitary  products  and  occasionally,  quite  new  industries.  According 
to  the  DOD's  present  plan,  importance  is  attached  to  the  direct  support 
for  research  and  development  carried  out  by  universities  and  industry, 
and  such  work  carried  out  individually  by  the  industry  is  arranged  to 
promote  the  transfer  of  the  work  from  the  research  stage  to  the 
operational . 

Many  countries  make  every  effort  to  advance  technologies.  Table  1  shows 
results  of  overall  evaluating  22  important  technologies  of  our  main 
allied  countries,  potential  enemy  countries,  and  some  other  countries. 
Each  technology  is  evaluated  in  written  form  in  the  attached  data.  The 
United  States  continues  to  lead  the  world  in  these  important 
technologies,  but  it  is  recognized  that  other  countries  have  a 
capability  equivalent  to  or  greater  than  that  of  the  United  States, 
because  they  have  progressed  remarkably  in  important  sections  of  some 
technologies.  The  attached  data  cover  fields  having  a  possibility  of 
constructive  cooperation. 

Japan:  Japan  continues  to  lead  the  world  and  shares  another  lead  with 
other  countries  in  important  sections  of  technologies  for 
microelectronics,  optics,  superconductivity,  and  information  systems. 
Japan  is  increasingly  interested  in  the  expansion  of  the  foundation  of 
military  technologies  and  shows  the  intention  of  expanding  it. 

NATO:  Our  allies  have  powerful  national  plans  and  narrow  gaps  in  some 
sections  of  each  important  technology.  Accordingly,  they  have  many 
opportunities  for  mutual  cooperation.  The  progress  for  true  unity  of 
Europe  in  1992  would  raise  NATO's  capability  together  with  a  joint  plan 
of  information  technologies,  materials,  and  military  systems,  carried 
out  positively  by  these  other  countries. 
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Table  1.  Summary  of  Foreign  Technological  Capabilities 


Critical  TachnotogUs 

Warsaw  Pact 

NATO  Allies 

Japan 

others 

1 .  Microelectronic  Circuits  and  Their  Fabrication 

■ 

2.  Preparaton  of  GaAs  and  Other  Compound 
Semiconductors 

■ 

3.  Software  ProducibiOty 

■ 

^1 

Many  Nations 

4.  Parallel  Computer  Architectures 

■ 

HHH 

5.  Machine  Inteiligence/Robotics 

■ 

6.  Simulation  arxf  Modeling 

■ 

mHi 

I^Hli 

7.  Integrated  Optics^ 

H 

8.  Fiber  Optics 

■ 

9.  Sensitive  Radars 

■ 

nm 

10.  Passive  Sensors 

■i 

ISHI 

Is^el 

*11.  Automatic  Target  Recognition 

mm 

mu 

Israel.  Sweden 

12.  Phased  Arrays 

■ 

0 

Israel 

13.  Data  Fusion 

■i 

ElHi 

14.  Signature  Control 

■ 

NA 

1 5.  Computatior^a!  Fluid  Dynamics 

■ 

I^HI 

I^HI 

i[iiiii^ii[mii[ 

16.  Air-Breathing  Propulsion 

HI 

17.  High  Power  Miaowaves  j 

■■■ 

ElIH 

1 8.  Pulsed  Power 

■H 

mufi 

|[@HI 

19.  Hypervelocity  Projectiles 

■■ 

20.  High-Tcmpefature/High-Slrergth/Low-Weight 
Composite  Materials 

■i 

21.  Superconductivity 

H 

mHi 

22.  Biolechrwiogy  Materials  and  Processing 

■1 

Isl 

Many  Nations 

Remarks: 

Capability  of  allied 
countries  that  can 
contribute  to  technologies 


Position  of  Warsaw  Pact  countries 
compared  with  the  United  States 


Takes  a  considerable  lead 
in  a  certain  technical 
field 


WM  Considerably 
Superior  in  a 
certain  technical 
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Overall  equivalent  to  the 
United  States 

Lags  behind  in  all  the 
fields  other  than  a 
certain  field 


Cen  become  a  main 
contributor 

Can  become  a 
partial  contributor 


Lags  behind  in  all  the 
important  fields 


Cannot  be 
considered 
immediately  to 
contribute 


Table  1-1.  Summary  Comparison — Microelectronic  Circuits  and  Their 
Fabrication 


Table  1-2.  Summary  Comparison — Preparation  of  Gallium  Arsenide  and 
Other  Compound  Semiconductors 


Preparation  of  gallium 
arsenide  and  other 
compound  semicon¬ 
ductor  materials 


Development  and  growth 
of  complex  structures 
(e.g.,  strained  super- 
lattices)  of  compound 
semiconductor 
materials 


OVERALL 

EVALUATION 


Table  1-3.  Summary  Comparison — Software  Producibility 


Table  1-4.  Summary  Comparison— Parallel  Computer  Architectures 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Component  development 
and  production 


Computer  architectural 
designs 


Hardware  design  and 
packaging,  thermal 
management,  power 
distribution, 
interconnection 


Specialized  software 
engineering  skills, 
especially  those  for 
supercomputing  or 
advanced  parallel 
architectures 


OVERALL 

EVALUATION 


Table  1-5.  Summary  Comparison — Machine  Intelligence/Robotics 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Development  and  use  of 
smart  sensors 


Specialized  computing 
architectures,  including 
neural  networks 


Specialized  software 
engineering  skills, 
especially  those  for 
advanced  parallel 
architectures 


OVERALL 

EVALUATION 


Note  1.  While  not  dominant  in  any  key  aspect  of  this  technology,  Finland  and 
Sweden  have  reported  research  in  speech  and  image  processing  algorithms 
that  may  be  applicable  to  neural  networks. 


Table  1-6.  Summary  Comparison — Simulation  and  Modeling 


Warsaw  Pact!  NATO  Allies  |  Japan 


Others 


Advanced  computing  for 
real-time  or  faster 
performance 


Effective  man/machine 
interface  for  design/ 
training 


Specialized  software 
engineering  skills, 
especially  those  for 
large  database 
management 


Empirically  validated 
information  bases  in 
substantive  areas  of 
interest 


OVERALL 

EVALUATION 


Note  1.  Soviet  knowledge  of  wargaming  and  experimental  strengths  (e.g.,  in 
aircraft  gas  turbines  and  hypervelocity  wind  tunnels)  will  not  contribute  signifi¬ 
cantly  in  this  area  until  computational  deficiencies  are  corrected. 


Table  1-7.  Summary  Comparison — Integrated  Optics 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Table  1-8.  Summary  Comparison — Fiber  Optics 


I 


Table  1“9.  Summary  Comparison — Sensitive  Radars 


Development  and  use  of 
high  resolution  muhi- 
spectral  sensors 

High-frequency/high . 

resolution  radar/laser 
radar 


High  throughput  compu¬ 
tational  techniques 


OVERALL 

EVALUATION 


Note  1.  While  not  predominant  in  any  key  aspect  of  this  technology,  Sweden 
has  reported  some  interesting  research  in  target  characterization  with  high 
resolution  laser  radar. 


Table  1-10.  Summary  Comparison— Passive  Sensors 


Warsaw  Pact 

NATO  Allies 

Japan 

others 

Development  of  large 
focal  plane  arrays 


Improved  techniques  for 
microwave  and  millimeter 
wave  radiometry 


Application  of  super¬ 
conductive  sensors 


Development  of  tech¬ 
niques  for  mullisensor 
data  fusion 


OVERALL 

EVALUATION 


Note  1.  While  not  predominant  in  military  IR  detectors,  Japanese  capabilities 
could  provide  underlying  technologies  in  compound  semiconductors  and 
fabrication  of  large  focal  plane  arrays. 


Table  1-11.  Summary  Comparison— Automatic  Target  Recognition 


Doveiaoment  of  improved 
smaa  sensors 


Hign  spead  sgnai  and 

dafa  conversion 
1^ _ _ 

I  Emyairicaily  vaiidaiea 
1  englneenng  dafabases 
oniargets  and  dirtier 


OVHTALL 

F/ALUATTON 


Table  1-12.  Summary  Comparison— Phased  Arrays 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Development  of  con¬ 
formal  arrays 

■ 

Development  of  low- 
frequency  active  sonar 

■ 

Techniques  for  exploiting 
advanced  parallel 
architectures 

■ 

OVERALL 

EVALUATION 

' 

H 

(Note  1) 

{Mq  2) 

Israel 

Note  1.  While  not  predominant  In  any  key  aspect  o\  this  technology,  the  UK 
and  France  have  specific  capabilities  of  interest. 

Note  2.  In  comparison  to  the  United  States,  Japan  has  limited  experience  in 
fielding  operational  phased  array  radars.  Their  experience  In  gallium  arsenide 
could,  however,  make  a  significant  contribution  to  US  development  of  active 
phased  arrays.  .  , 

Table  1-13.  Summary  Comparison— Data  Fusion 


Warsaw  Pact 

NATO  Allies 

■mil 

others 

Modeling  o(  complex 
systems 

Algorithms  for  real-time 
analysis  and  correlation 

m 

Development  of  gigabit/ 
second  or  faster  data 
links  1 

m 

OVERALL 

EVALUATION 

m 

m 

Note.  Despite  o 
especially  in  fibi 
applications  of  c 

bvious  capabilities  in  underlying  component  technologies,  and 
sr  optic  data  links.  Jaoan  has  limited  experienced  in  practical 
lata  fusion  to  tactical  military  problems. 
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Table  1-15.  Summary  Comparison-Computational  Fluid  Dynamics 


Warsaw  Pact 

NATO  Allies 

Japan 

j  Others 

Advanced  computing 
capabilities 


Development  of 
algorithms  for  advanced 
processors 


'Application-specific 
models  and  empirically 
yalibated  databases 


Specialized  database 
management  software 
for  large  engineering 
databases 


OVERALL 

EVALUATION 


Table  1-16.  Summary  Comparison — Air  Breathing  Propulsion 


Table  1-17.  Summary  Comparison — High  Power  Microwaves 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Development  of  high- 
power  microwave 
components 

im^m 

Power  handling  and 
control  for  beam  pointing 
and  tracking 

■ 

OVERALL 

EVALUATION 

- 

Table  1-18,  Summary  Comparison — Pulsed  Power 


Warsaw  Pact 

NATO  Allies 

Japan 

Others 

Development  of  high 
energy-density  storage 
devices  and  systems 

- 

High-speed  switching  and 
power  control  devices 

■i 

n 

III 

OVERALL 

EVALUATION 

1 

(Note  1) 

(Note  2) 

Note  1.  The  Soviets  have  developed  a  number  of  alternative  technological 
approaches.  They  are  overall  on  a  par  with  the  US. 

Note  2.  Strong  in  primary  power  sources  that  may  prove  adaptable  to  pulse 
power  applications.  . 
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Table  1-19.  Summary  Comparison — Hypervelocity  Projectiles 


Table  1-20,  Summary  Comparison — High-Temperature/High-Strength  Light- 
Weight  Composite  Materials 
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Table  1-21.  Summary  Comparison — Superconductivity 


Warsaw 


Pact 


NATO  Allies 


J 


apan 


Development  and  fabrica- 
lion  of  HTS  materials 


Effective  application  of 
LTS  materials 


(Note  1) 


Others 


OVERALL 

EVALUATION 


(Note  2) 


Note  1.  The  Soviets  have  developed  a  number  of  alternative  techniques  to 
circumvent  specific  problems.  The  Soviets  lead  the  US  in  LTS  research, 
development,  and  potential  application. 


Note  2.  Strong  in  conversion  and  conditioning  of  power  sources  that  may 
prove  adaptable  to  pulse  power  applications. 


Table  1-22.  Summary  Comparison — Biotechnology  Materials  and  Processing 


Warsaw  Pact 


NATO  Allies 


Japan 


Others 


Development  and  fabrica¬ 
tion  of  real-time  detection 
and  identification  of  bio- 
log  ical/che  mica!  agents 

Bioprocessing  for  decon¬ 
tamination  and 
remediation 


Development  of  bio- 
materials  for  specific 
applications 


OVERALL 

EVALUATION 


Numerous  Countries 


(Note  1) 


Note  1.  Because  of  its  pervasive  Importance  in  fundamental  health  and 
agricultural  industries  and  the  open  dissemination  of  technology,  research 
in  biotechnology  is  virtually  worldwide. 
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DEFENSE  INDUSTRIES 


High-Resolution  TFT-LCD  for  Cockpit  Use 

906C3849B  Tokyo  BOEI  GIJUTSU  in  Japanese  Dec  89  pp  49-55 

[Article  by  Junji  Kondo  and  Makoto  Shibusawa,  both  presently  engaged  in 
development  and  design  of  active  matrix  LCD  in  Electron  Device 
Engineering  Laboratory,  and  Nobuo  Hayashi  and  Yoshimasa  Adachi,  both 
presently  engaged  in  development  of  technologies  for  actually  installing 
LCD  in  Electron  Device  Engineering  Laboratory:  "High-Resolution  TFT-LCD 
Module  for  Aircraft  Cockpit  Use"] 

[Text]  There  is  a  high  demand  for  graphic  displays  to  replace 
conventional  mechanical  indicators  used  for  multi-purpose  indications  in 
aircraft  cockpits. 

Toshiba  has  developed  a  3.2-inch-diagonal  TFT  (thin  film  transistor) 

-LCD  module  with  high  resolution  for  use  as  an  indicator  in  aircraft 
cockpits.  The  new  module  features  horizontal  and  vertical  pixel  pitches 
of  only  120  urn  to  provide  the  required  level  of  display  quality,  and 
is  also  highly  compact  thanks  to  the  use  of  advanced  TAB  (tape  automated 
bonding)  assembly  techniques. 

This  paper  describes  some  of  the  features  of  the  TFT-LCD  module,  focusing 
on  the  design  of  the  high-resolution  TFT-LCD  and  the  compactness  of  the 
module. 

1.  Preface 

A  very  large  number  of  mechanical  indicators  are  installed  in  aircraft 
cockpits.  In  recent  years,  however,  graphic  displays  have  been  used  on  a 
trial  basis,  primarily  because  multipurpose  graphic  displays  can 
sharply  reduce  the  number  of  necessary  indicators.  Furthermore,  a  high- 
resolution  graphic  display  will  become  essential  in  the  cockpit,  because 
a  traffic  alert  and  collision  avoidance  system  (TCAS)  will  soon  be 
required  in  all  civil  aircraft  operating  in  the  United  States. 

The  TCAS  requires  a  multicolor  indication  display.  The  compact  size  and 
full  color  range  of  the  LCD  make  it  a  promising  candidate  for  such  a 
display. 
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We  have  developed  a  high-resolution  compact  TFT-LCD  module  for  cockpit 
displays.  The  screen  is  3.2  inches  on  the  diagonal,  and  the  display 
size  corresponds  to  a  compact  indication  meter  called  "3-inch  air 
transport  indicator"  (3ATI). 

The  TFT-LCD  is  a  liquid  display  in  which  a  thin  film  transistor  as  an 
active  element  for  a  switch  is  set  in  each  pixel;  this  is  an  "active 
matrix  type  display."  Compared  with  simple  matrix  liquid  displays,  the 
TFT-LCD  has  the  advantage  of  indications  with  high  resolution  at  high 
contrast.  In  recent  years,  TFT-LCD 's  with  a  diagonal  of  3  to  5  inches 
or  so  have  been  successfully  commercialized  for  full-color  compact  TV's, 
and  we  have  already  produced  TFT-LCD's  for  compact  TV's  with  diagonals 
of  2.7  and  4  inches.  On  the  other  hand,  our  new  TFT-LCD  module  is 
called  "display  for  aircraft  cockpit  use." 

This  module  was  developed  with  the  aim  of  finding  new  uses  for  TFT- 
LCD's.  We  will  now  describe  features  of  the  module,  especially  the 
design  of  the  high-resolution  TFT-LCD. 

2.  Basic  Operation  of  TFT-LCD 

Figure  1  shows  an  equivalent  circuit  of  a  pixel  section  of  a  TFT-LCD. 
Data  on  a  signal  conductor  are  accumulated  in  an  auxiliary  capacity  and 
a  liquid  crystal,  forming  the  capacity  of  a  pixel  section,  because  the 
TFT  is  on  as  long  as  gate  pulses  are  applied  to  the  TFT  and  the  signal 
conductor  and  pixel  electrode  are  conductive.  (This  is  called 
"writing.") 


Vsig 


Figure  1.  Equivalent  Circuit  of  TFT-LCD  Pixel  Section 

A  pixel  consists  of  TFT,  liquid  crystal  capacity,  and  auxiliary 
capacity. 
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The  liquid  crystal  is  subjected  to  voltage  equivalent  to  a  potential 
difference  between  data  signals  and  potential  (Vcom)  common  to  facing 
substrates.  Next,  ideally  accumulated  voltage  is  retained  until  gate 
pulses  are  applied  to  the  pixel.  Basically,  the  TFT-LCD  is  operated  by 
repeating  the  writing  and  retaining  processes.  It  is  possible  to 
express  the  brightness  by  properly  changing  the  value  of  data  signals, 
because  as  shown  in  Figure  2,  the  transmittance  of  liquid  crystals 
depends  on  voltage  applied  to  these  liquid  crystals.  Also,  the  polarity 
of  voltage  is  impressed  on  liquid  crystals  every  field.  In  order  to 
prevent  these  liquid  crystals  from  being  deteriorated,  it  is  necessary 
to  give  data  signals  concerning  the  reverse  rotation  of  this  polarity  to 
the  liquid  crystals. 

3.  Outline  of  Module 

Table  1  outlines  module  specifications.  Features  of  this  module  are  as 
follows: 

(1)  High  Resolution 

Basically,  the  meter  indication  is  graphic,  and  high  resolution  is 
required  in  indication  patterns.  The  module  contains  230,400  pixels 
(480  X  480),  each  pixel  is  very  small  (120  x  120  y  m) ,  and  the 
resolution  is  high.  Also,  the  aspect  ratio  of  the  screen  is  1:1  from 
the  standpoint  of  characters  of  the  module,  because  the  module  was 
designed  to  be  an  alternate  for  a  meter  which  was  originally  round. 

(2)  Quadratic  Pixel  Array 


Figure  2.  Transmittance  of  TFT-LCD  and  Signal  Voltage  Characteristics 
Brightness  can  be  expressed  by  changing  signal  voltages. 
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Table  1.  Specifications  of  TFT-LCD  Module 


Indication  area 

57.6  X  57.6  mm 

Number  of  pixels 

480  X  480 

Pixel  pitch 

120  X  120  ym 

Pixel  array 

Quadratic  array 

Indication  mode 

Transmission  type,  normally 
white 

Driving  method 

Noninterlace  line  sequence 
driving 

Outside  dimension  of  module 

77.8  X  77.8  X  17.5  mm 

The  delta  pixel  array  is  used  for  TV  indications,  but  the  quadratic 
pixel  array  is  used  in  this  module  (Figure  3).  This  is  because  the 
module  was  designed  not  to  distort  the  character  and  graphic  displays  in 
consideration  of  the  meter  display.  This  matter  is  considered  in  the 
color  array  of  color  display  modules. 

(3)  Compact  Module 

Skillful  design  of  the  module  yielded  the  maximum  indication  area  in  the 
limited  space. 

(4)  High  Light  Resistance 

Light  resistance  is  enhanced  by  using  a  color  filter  with  a  special 
structure,  and  exterior  light  resistance  is  also  enhanced  by  creating  a 
surface  antireflection  film  on  the  surface. 

4.  Design  of  Each  Section  of  Module 

4.1.  Design  of  TFT  Array 

Figure  4  shows  a  cross  section  of  a  TFT  with  "reserve  stagger  structure." 
The  TFT  is  structured  so  that  scanning  gate  lines  are  arrayed  on  the 
lower  side  and  signal  lines  for  supplying  data  are  arrayed  on  the  upper 
side.  At  present,  this  structure  is  used  widely  in  TFT-LCD's.  Also,  a 
small  number  of  photoengraving  processes  (PEP's)  are  required 
in  manufacturing  TFT  arrays,  because  a  back  channel  cut  system  is  used 
to  form  a  channel  section  and  no  protecting  layer  is  provided  on  the 
amorphous  silicon  which  is  so-called  etching  stopper.  Now,  the  W/L  is 
28/10.  The  TFT  array  section  is  designed  in  accordance  with  the 
following  principles. 

(a)  Increase  in  numerical  aperture.  As  mentioned  above,  the  pixels  are 
very  small,  but  the  pattern  size,  etc.,  are  lower-limited,  because  of 
requirements  for  processes.  Accordingly,  among  TFT-LCD's  with  the  same 
indication  area,  the  smaller  the  pixels,  the  lower  the  rate  (numerical 
aperture)  accounted  by  the  effective  region.  This  lowers  the  luminance 
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(a)  RGBG  type  (b)  RGBW  type 


Figure  3.  Pixel  and  Color  Array 

The  quadratic  array  is  used  in  this  module,  because  character  and  graphic 
displays  predominate. 


Protective 
coat 


a*Si(n*) 


Insulating 


.  L  XXIU 

Glass  substrate 


Figure  4.  Structure  of  TFT  Array 

Reverse  Stagger  structure:  W  (channel  width) /L  (channel  length)  =  2.8 

of  screens.  Therefore,  the  TFT  array  was  designed  to  maximize  the 
numerical  aperture.  As  a  result,  this  device  has  high  resolution,  as 
well  as  a  high  numerical  aperture  of  about  40  percent. 

(b)  Rationalization  of  Auxiliary  Capacity.  The  auxiliary  capacity  (Cs) 
is  provided  in  parallel  with  liquid  crystals.  This  capacity  not  only 
enhances  the  retaining  capability,  but  also  effectively  relaxes  the 
change  of  pixel  potential  by  the  parasitic  capacity  during  TFT  switching 
and  decreases  flicker.  That  is,  the  capacity  is  useful  for  raising  the 
indication  performance.^  On  the  other  hand,  the  increase  in  auxiliary 
capacity  will  cause  some  problems  such  as  decrease  in  numerical 
aperture,  increase  in  load  during  writing,  etc.  Considering  the 
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advantages  and  disadvantages  of  the  additional/auxiliary  capacity,  this 
module  was  designed  with  a  large  Cs  while  lowering  the  numerical 
aperture  as  little  as  possible. 

4.2.  Design  of  Color  Filter 

4.2.1.  Structure  of  Black  Matrix 

The  periphery  of  each  pixel  is  surrounded  by  black  matrixes  on  the 
substrate  (color  filter)  facing  the  TFT  array  substrate.  Such  black 
matrixes  are  often  formed  with  metallic  films.  On  the  other  hand,  as 
shown  in  Figure  5,  the  black  matrix  of  the  color  filter  used  in  this 
module  has  a  unique  structure  in  which  a  chromium  layer  is  sandwiched 
between  chromium  oxide  layers. 

The  amorphous  silicon  forming  the  TFT  is  light  sensitive,  but  an 
increase  in  light  leak  current  will  decrease  the  indication  contract  at 
the  lower  portion  of  the  screen  and  increase  cross  talk.  Also,  cockpits 
may  be  exposed  to  intense,  direct  sunlight  at  about  10,000  meters,  and 
when  this  sunlight  is  reflected  by  black  matrixes,  it  will  obstruct 
viewing  of  the  indication.  In  the  black  matrixes  of  this  module,  the 
chromium  layer  blocks  light  emitted  from  the  back  light,  and  the 
chromium  oxide  layer  minimizes  the  influence  of  reflected  external  light 
and  of  back  light  reflected  on  the  surface  of  the  chromium  layer.  The 
back  light  is  prevented  from  lowering  the  contrast  ratio,  and  the  high 
contrast  ration  is  maintained  even  in  intense  light,  because  the  light 
leak  current  of  the  TFT  is  reduced  during  the  retaining  operation. 

4.2.2.  Color  Array 

As  shown  in  Figure  3,  two  kinds  of  color  arrays  were  prepared  for 
this  module.  In  the  red,  green,  blue,  and  gray  (RGBG)  pixel  array  shown  in 
Figure  3(a),  the  number  of  G  pixels  is  twice  that  of  the  R  and  B  pixels. 
Accordingly,  this  array  needs  a  back  light  in  which  the  G  peak  of 
radiation  spectra  is  lowered,  but  it  is  possible  to  indicate  halftones. 

On  the  other  hand,  when  one  of  the  G's  in  the  RGBG  pixel  array  is 
changed  to  a  gray  filter,  a  red,  green,  blue,  and  white  (RGBW)  pixel 
array  shown  in  Figure  3(b)  will  be  obtained.  An  advantage  of  this  array 
is  that  a  typical  three-wavelength  tube  can  be  used  as  a  back  light,  and 
the  transmittance  of  white  cells  can  be  enhanced  more  than  in  the  RGBG 
pixel  array,  depending  on  the  transmittance  of  the  gray  filter. 

However,  the  array  is  unsuitable  for  full-color  indication. 
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Black  Glass 


Figure  5.  Structure  of  Black  Matrix  of  Color  Filter 

Light  resistance  is  increased  with  a  three-layer  structure  consisting  of 
chromium  oxide,  chromium,  and  chromium  oxide. 

The  gray  filter  is  formed  by  mixing  the  same  kinds  of  pigments  as  those 
used  in  other  R,  G,  and  B  pixel  sections  and  is  designed  so  that  when  a 
three-wavelength  tube  is  used  as  a  back  light,  the  chromaticity  of  only 
white  pixels  will  accord  with  that  of  a  white  color  to  which  R,  G,  and  B 
pixels  are  added. 

4.3.  Design  of  Liquid  Crystal  Cells 

Liquid  crystal  layers  in  this  module  are  5.5  pm  thick,  because  this 
thickness  affects  the  transmittance  of  cells,  angle  of  field,  and  yield. 
The  liquid  crystal  used  in  the  module  is  twisted  nematic  (TN) ,  the 
orientation  is  of  the  rubbing  type,  and  polyimide  is  used  in  oriented 
films.  Polarizing  plates  were  arranged  so  that  they  are  of  normally 
white  modes,  because  although  the  meter,  indication  is  based  on  black,  it 
is  difficult  to  sufficiently  indicate  black  with  normally  black  modes. 
Also,  the  liquid  crystal  cell  consists  of  TFT  array  substrate  and  facing 
substrate  (color  filter) .  Glass  plates  are  attached  to  the  polarizing 
plates  on  both  sides  of  the  liquid  crystal  cell  to  preventing 
deterioration  of  the  polarizing  plates,  which  are  sensitive  to  humidity. 
In  addition,  films  preventing  surface  reflection  are  on  the  indication 
face  to  improve  readability  in  intense  light. 

4.4.  Design  of  Module 

The  outside  dimension  of  the  liquid  crystal  cell  is  72.0  x  72.0  mm,  while 
that  of  the  module  is  77.8  x  77.8  mm.  The  module  is  a  very  compact  17.5 
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mm  high  and  weighs  about  100  grams.  The  following  features  made  this 
compact  design  possible: 

(1)  high-density  connection  technology, 

(2)  installation  of  vertical  bending  TAB,  and 

(3)  bending  of  the  metallic  base  substrate 

The  aluminum  base  substrate  was  used  as  an  external  frame  of  the  module 
without  any  change  by  wiring  the  aluminum  base  substrate,  by  bending 
this  substrate,  and  by  reinforcing  a  part  of  the  substrate  with 
stainless  steel.  This  is  the  most  important  feature  in  the 
miniaturization  of  the  module.  In  addition,  a  connection  technology  at 
a  pad  pitch  of  200  urn  was  established  by  using  an  anisotropic 
conducting  film  (ACF) .  Four  driver  IC's  for  scanning  lines  and  four  for 
data  are  mounted  on  this  substrate  by  installing  the  vertical  bending 
TAB.  Parts  other  than  these  IC's,  including  the  control  IC,  are  on 
another  substrate,  and  both  substrates  are  connected  by  a  flexible 
cable.  Figure  6  [omitted]  shows  a  module. 

4.5.  Driving  Method 

The  scanning  method  is  in  sequence  from  non-interlace  lines.  The  frame 
frequency  was  determined  to  be  60  Hz.  However,  the  writing  time,  i.e., 
the  time  in  which  the  TFT  is  off,  is  about  34  MS,  because  there  are 
480  scanning  lines;  this  time  is  much  shorter  tnan  that  for  TV  (about  64ms). 
Otherwise,  the  driving  method  is  almost  the  same  as  that  for  TV. 


5.  Operating  Characteristics 

Figure  7  shows  the  dependence  of  the  contrast  ratio  on  "viewing  angle". 
The  peak  of  the  contrast  ratio  is  in  a  point  deviated  slightly  from  the 
normal  direction  for  the  panel,  and  the  value  of  this  peak  is  100:1  or 
more  in  weak  surrounding  light.  The  viewing  angle  that  satisfy  a 
contrast  ratio  of  10:1  or  more  range  about  90  degrees  horizontally  and 
60  degrees  vertically. 

Also,  to  install  the  module  in  an  aircraft  cockpit,  observation  of  the 
indication  must  not  be  obstructed  even  when  direct  sunlight  strikes  the 
face.  This  module  is  designed  so  that  the  contrast  ratio  is  3:1  or 
more  when  the  intensity  of  external  light  is  100,000  Ix  without  any  cell 
surface  antireflection  film.  The  response  time  is  30  ms  or  less  at 
normal  temperatures.  Also,  the  module  is  designed  so  that  response  time 
is  not  dependent  on  the  viewing  angle,  thus  eliminating  distortion  of 
the  indication. 
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Figure  7.  Dependence  of  Contrast  Ration  on  Viewing  Angle 

The  viewing  angles  that  satisfy  a  contrast  ration  of  10:1  or  more  are 
horizontally  about  90  degrees  and  vertically  about  60  degrees. 

6 .  Summary 

We  have  developed  a  new  high-resolution  TFT-LCD  compact  display  module 
for  aircraft  cockpit  gauges  (3ATI) .  It  is  expected  that  this  module  will 
be  applied  to  aircraft  TCAS,  and  in  the  future,  the  module  may  acquire 
the  many  indicating  functions  necessary  for  cockpits. 
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DEFENSE  INDUSTRIES 


High-Temperature  Superconductors 

906C3849C  Tokyo  BOEI  GIJUTSU  in  Japanese  Mar  90  pp  56-57 

[Article  by  Yoshiroh  Murayama  of  NEC  Corporation:  "Oxides  High 
Temperature  Superconducting  Materials"] 

[Text]  It  has  been  two  years  or  more  since  the  discovery  of  high- 
temperature  superconductivity,  but  research  on  superconducting  materials 
continues  unabated.  For  example,  new  substances  based  on  Bi  (Tc=  107 
degrees  Kelvin)  and  based  on  T1  (Tc  =  120  degrees  Kelvin)  were 
discovered  in  1988.  These  substances  show  higher  critical  temperatures. 
NEC  Corporation  has  undertaken  basic  research  such  as  synthesis, 
analysis  of  structure,  and  evaluation  of  physical  properties  of  these 
new  substances  and  has  attempted  to  develop  thin  film  technologies  that 
can  apply  the  new  substances  to  electronic  fields. 

The  photograph  [omitted]  shows  a  high-resolution  picture  of  Ti2Ba2CuOg 
taken  with  an  electron  microscope,  and  the  black  point  is  a  metallic 
atom.  It  was  discovered  from  this  substance  that  the  critical 
temperature  was  changed  sharply  from  0  to  80  degrees  Kelvin  by  slight 
lattice  defects.  Electron  microscopes  are  used  to  observe  such 
substances,  because  it  is  difficult  to  clarify  such  crystal  lattice 
defects  by  X-ray  analysis.  After  measuring  an  energy  gap  that  is  a 
basically  physical  property  of  superconducting  materials  based  on  Y,  Bi, 
and  Tl,  a  value  of  2A/%Tc*=i  6  was  obtained  from  all  the  superconducting 
materials  (Figure  1).  This  value  is  different  from  that  (3.5)  obtained 
from  the  conventional  BCS  theory  and  suggests  the  possibility  of  new 
mechanisms.  TlBa2YCu20j  is  obtained  by  changing  a  part  of  a 
superconducting  material  based  on  Tl  and  is  an  antiferromagnetic 
substance.  This  fact  was  confirmed  for  the  first  time  in  the  world  in 
collaboration  with  Brookhaven  National  Laboratory  in  the  United  States. 
The  fact  strongly  supports  superconducting  mechanisms  based  on 
magnetically  mutual  actions,  which  have  recently  come  into  the 
limelight. 
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Epitaxial  growth  on  silicon  wafers  has  been  one  of  the  most  important 
subjects  in  thin  film  technology,  and  NEC  Corporation  has  succeeded  in 
developing  a  new  structure  having  a  double  layer  consisting  of  MgAl2p4 
spinel  and  BaTi03  as  an  intermediate  layer.  Figures  3  shows  a  thin  film 
based  on  an  epitaxial  Y  on  a  silicon  wafer— its  structure  (upper 
portion)  and  its  RHEED  image  (lower  portion).  As  a  result  of  research 
in  collaboration  with  Bellcore  Co.,  Ltd.  in  the  United  States,  we  have 
obtained  a  critical  current  density  of  60,000  amperes  per  square 
centimeter  (liquid  nitrogen  temperatures),  the  highest  value  up  to  now 
from  thin  films  based  on  Y  as  films  on  silicon. 


DEFENSE  INDUSTRIES 


Adaptive  MTI 

906C3849D  Tokyo  BOEI  GIJUTSU  in  Japanese  Mar  90  pp  65-66 

[Article  by  Mitsubishi  Electric;  Corporation:  "Adaptive  Moving  Target 
Indicator"] 

■  .  , ,  .  '  ^  y  . 

[Text]  Radar  equipment  simultaneously  receives  unnecessary  echoes 
(clutter)  reflected  from  background  terrain,  tain,  clouds,  etc.,  as  well 
as  echoes  reflected  from  a  target.  Accordingly,  it  is  necessary  to  use 
a  filter  to  restrain  such  unnecessary  echoes  and  extract  only  the  echoes 
reflected  from  the  target. 

The  moving  target  indicator  (MTI)  is  a  filter  for  restraining  stationary 
clutter — echoes  reflected  from  stationary  background  like  the  terrain — 
which  has  already  been  developed  and  put  to  practical  use.  In  : 
addition,  some  filters  for  restraining  moving 'Clutter — echoes  reflected 
from  moving  background  such  as  rain,  clouds,  etc. — are  in  use,  but  they 
are  operated  manually  and  frequently  depend  on  the  skill  of  the 
operators.  Now,  Mitsubishi  Electric  Corporation  (MEC)  has  developed  an 
adaptive  moving  target  indicator  (AMTI) ,  which  is  ah  adaptive  filter  for 
automatically  restraining  such  moving  clutter. 

If  such  AMTi’s  are  connected  continuously  at  multiple  stages,  they 
will  be  able  to  restrain  simultaneously  a  number  of  moving  clutter  whose 
Doppler  frequency  is  unknown.  Also,  the  AMTI  is  designed  not  to 
restrain  any  echoes  reflected  from  a  target  by  using  the  difference 
between  the  spatial  energy  distribution  of  echoes  reflected  from  the 
target  and  that  of  moving  clutter. 


Figure  1.  Performance  of  AMTI 


Figure  2.  Example  of  Results  of  Experiment 


MEC  has  conducted  an  experiment  by  using  actual  radar  signals  and  has 
confirmed  a  moving  clutter  restraining  performance  of  about  20  decibels. 

(Extracted  from  MEC  TECHNICAL  JOURNAL,  Vol  64,  No  1,  1990) 
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FACTORY  AUTOMATION,  ROBOTICS 


Second  Intelligent  FA  Symposium 

Walking  Robot  Performance 

906C0020  Tokyo  INTELLIGENT  FA  SYMPOSIUM  in  Japanese  19  Jul  89  pp  23-26 

[Article  by  Tatsuya  Nakamura,  Mechanical  Engineering  Laboratory,  Agency  of 
Industrial  Science  and  Technology,  MITI:  "B2  Proposal  of  Indexes  for 
Evaluating  Performance  of  Walking  Robot”] 

[Text]  Performance  evaluation  of  walking  robots  from  a  viewpoint  of  a  trans¬ 
portation  means  is  important  for  walking  robots  to  be  practically  accepted.  So 
the  performance  measures  used  for  automobiles  and  aircraft  are  reviewed  and 
compared  with  those  used  in  walking  robot  research.  Based  on  these  results, 
the  following  performance  measures  for  walking  robots  are  proposed:  energy 
efficiency,  stability,  terrain  adaptability,  mobility,  maximum  speed,  etc. 
Also,  evaluation  of  several  measures  is  conducted  using  a  3D  dynamic  simulator 
being  developed  in  our  laboratory. 

1.  Introduction 

To  establish  the  walking  robot  as  a  new  means  of  transportation,  it  is 
necessary  to  be  able  to  compare  not  only  the  performance  of  one  walking  robot 
with  another,  but  also  the  performance  of  walking  robots  with  other  means  of 
transportation.  Generally,  walking  robots  are  said  to  excel  in  their  ability 
to  travel  uneven  ground  but  are  inferior  to  other  means  of  transportation  in 
many  respects  including  energy  efficiency  and  speed.  However,  their  utility 
cannot  be  determined  and  the  definite  target  for  developing  them  cannot  be  met 
unless  a  trade-off  in  these  abilities  is  made  quantitatively. 

The  themes  of  the  MITI  project  "Robot  for  Critical  Work”  (1983-1990)  include 
the  development  of  a  maintenance  robot  for  nuclear  power  plants,  etc. ,  and  the 
walking  robot  has  been  adopted  as  a  means  of  transportation  there.  The  study 
is  being  conducted  as  a  "robot  evaluating  technology”  and  to  simulate  and 
evaluate  the  walking  robot  under  various  environments  and  help  develop  it. 
Quantification  of  robot  evaluating  indexes  is  one  of  the  tasks  involved. 

In  this  announcement,  I  propose  walking  robot  evaluating  indexes  that  not  only 
take  indexes  proposed  in  past  walking  robot  studies  into  consideration  but 
also  are  consistent  with  the  performance  evaluating  indexes  for  other  means  of 
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transportation.  But  here,  the  object  is  performance  commonly  known  as  kinetic 
performance  and  other  specification  data,  such  as  payload,  are  excluded. 

2.  Survey  on  Evaluating  Indexes 

We  studied  the  kinetic  performance  of  mobile  machines  from  the  viewpoints  of 
energy  electric  field,  stability,  environment  adaptability,  and  manuverabil- 
ity.  Below  are  the  results  of  the  study  done  by  referring  to  the  Automobile 
Engineering  Handbook  and  the  Aerospace  Engineering  Handbook  for  automobiles 
and  aircraft  and  to  research  papers  for  walking  robots.  Table  1  shows  main 
evaluating  indexes. 


Table  1.  Comparison  of  Main  Kinetic  Performance  Evaluating  Indexes 


Item 

Walking  robot 

Automobile 

Aircraft 

Energy 

efficiency 

Locomotion  power 

Fuel  consumption 
rate 

Range  performance 

Stability 

Margin  of 
stability 

Dynamic 

stability 

Maximum  stability 
inclination 

Static  stability 
Stalling  speed 
Dynamic  stability 

Environment 

adaptability 

Terrain 

adaptability 

Hill  climbing 
capacity 

Possible  flying 
range 

Maneuver¬ 

ability 

Maximum  loco¬ 
motive  speed 

Automobile  perfor¬ 
mance  diagram 
Braking  distance 
Minimum  turning 
radius 

Accelerating 

capacity 

Maximum  flying 
speed 

Climb  performance 
Landing 
performance 
Take-off 
performance 

(1)  Energy  efficiency^:  All  are  identical  in  substance,  but  are  expressed 
differently.  So,  energy  efficiency  can  be  compared  between  different  means  of 
transportation.  Comparison  of  energy  efficiency  between  different  means  of 
transportation  was  done  by  von  Karman^  but,  for  walking,  he  referred  to  living 
things.  Lately,  some  have  begun  comprehensive  walking  robot  efficiency 
evaluation  involving  the  actuator. 

(2)  Stability:  As  a  common  evaluating  index,  there  is  static  stability,  and  in 
all  cases  the  center  of  gravity  is  involved.  As  for  the  concept  of  dynamic 
stability,  there  is  something  in  common  between  walking  and  aircraft.  For 
example,  the  characteristic  of  6  displacement  from  the  state  of  equilibrium, 
is  expressed  by  a  secondary  vibration  system 

0  +  2(<o6-Ki)^0  =  0 

and  stability  is  discussed  by  f . 
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(3)  Adaptability  to  environments:  Pertinent  indexes  are  defined  for  both 
automobiles  and  aircraft.  As  for  the  walking  robot,  there  has  been  a  study 
with  the  notion  that  it  properly  excels  in  terrain  adaptability  but  its 
evaluating  index  is  still  not  quantitative. 

(4)  Maneuverability:  This  is  performance  related  to  speed  and  acceleration. 
Examples:  fast  locomotion,  quick  correspondence  and  small  turning  radius. 
However,  no  index  related  to  acceleration  has  yet  been  adopted  for  the  walking 
robot . 


3.  Proposal  of  Evaluating  Indexes 

I  propose  performance  evaluating  indexes  for  the  walking  robot  in  accordance 
with  the  above  survey.  An  independent  index  is  used  for  the  maximum  locomotive 
speed  and  maneuverability  is  limited  to  performance  related  to  acceleration. 

(1)  Locomotion  efficiency: 


Locomotion  power  = 


Consumed  energy 
Weight  x  travel 


(2)  Stability: 


•  Allowance  of  static  stability  = 

•  Allowance  of  dynamic  stability 

(3)  Terrain  stability: 

•  Maximum  inclination  permitting 

•  Maximxim  degree  of  uneven  ground  permitting  locomotion 

( 4 )  Maneuverability : 

•  Time  required  for  turning 

•  Acceleration  performance 

(5)  Maximum  locomotion  speed 

(6)  Others: 

•  Controllability,  etc. 

Item  (6)  Others,  includes  indexes,  too  early  to  be  defined  now,  and  which 
should  be  defined  with  a  view  to  the  future  progress  of  walking  robot 
technology. 


Allowance  of  the  center 
of  gravity  displacement 
Standard  length 

=  Stability  allowance  of  restoration 
time  (using  conception  of  control) 


hill  climbing 


31 


4.  Example  of  Evaluation 

The  target  of  this  study  is  to  prepare  an  evaluation  simulator  prototype.  We 
have  already  prepared  a  three-dimensional  dynamics  simulation  basic  program^ 
but,  since  there  is  no  complete  program  available  to  simulate  how  the  legs  hit 
and  slide  on  the  floor,  only  the  simulation  of  static  walking  is  possible  now. 

In  this  announcement,  therefore,  stability  and  locomotive  power  were  evaluated 
for  straight  crawl  walking  with  a  duty  factor  of  0.8.  Figure  1  shows  the 
mechanism  of  the  four-foot  walking  robot  that  was  simulated.  Also ,  the 
following  specifications  were  set: 

<Trunk>  Weight:  20  kg;  size:  1  m  x  0.4  m 

<Legs>  Weight:  0.9  kg  each;  length:  0.9  m 

In  computing  energy,  the  efficiency  of  the  actuator  and  the  transfer  system 
was  ignored  and  approximation  was  made  by  the  sum  of  J  |  r  w  |  dt  for  joint 
torque  r  and  angular  velocity  w.  Stability/instability  was  determined  by 
whether  the  ground  reaction  of  the  grounding  leg  was  positive  or  negative. 
Furthermore,  the  ground  reaction  distribution  of  the  equilibrium  force  field® 
was  used  to  determine  the  distribution  of  joint  torques. 


V  =  0.  2m/  s  T  =*  4  s 


Figure  1.  Example  of  Simulation  of  Walking  Robot 

Table  2  shows  the  results  of  simulation  of  some  locomotion  speeds  and  cycles 
and  Figure  2  shows  the  results  of  entry  of  per-hour  consumed  energy  obtained 
into  a  von  Karman  drawing.  From  this,  one  can  see  that  the  results  are 
appropriate. 
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Table  2.  Example  of  Evaluation  of  Locomotive  Power  and  Stability 


Locomotion 

speed 

0.1  m/s 

0.2  m/s 

Cycle  (s) 

2 

3 

4 

6 

2 

3 

4 

Length  of 
step  (m) 

0.16 

0.24 

0.32 

0.48 

0.32 

0.48 

0.64 

Stability 

Un¬ 

stable 

Stable 

Stable 

Stable 

Un¬ 

stable 

Stable 

Stable 

Locomotion 

power 

- 

0.225 

0.217 

0.208 

- 

0.147 

0.146 

Figure  2.  Results  of  Simulation  and  Comparison 
With  Other  Means  of  Transportation^ 


5 .  Stimmary 

We  experimented  with  quantitative  walking  robot  performance  evaluation  indexes 
mainly  on  the  basis  of  literature  search,  paying  special  attention  to  matching 
with  other  means  of  transportation.  Examples  of  evaluation  shown  are  still 
only  partial.  We  will  hereafter  seek  to  expand  our  simulation  programs  so  that 
the  indexes  proposed  in  this  announcement  can  be  evaluated. 
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Imagery  for  Han-Machine  Interfaces 
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[Article  by  Koshiro  Sakai ,  Department  of  Mechanical  Engineering,  Yamaguchi 
University,  Ube,  Yamaguchi  755,  Japan:  "D1  Use  of  Images  (Graphics)  in  Man- 
Machine  Interfaces"] 

[Text]  In  daily  life,  a  human  often  applies  imagery  in  understanding,  think¬ 
ing,  and  reasoning.  For  a  computer  or  an  interface  to  cooperate  with  a  human 
operator,  even  simple  figures  can  assist  mutual  understanding  between  the 
operator  and  the  computer.  For  this  purpose,  the  computer  has  to  try  to  share 
images  with  the  operator  through  monitoring  the  objective  manufacturing  proc¬ 
ess  with  the  operator.  The  essential  part  of  this  procedure  is  "experiencing." 

Introduction 

Images  play  an  important  part  in  understanding  and  thinking.  Our  daily  experi¬ 
ences  show  that  they  are  very  effective  especially  for  basic-level  reasoning 
and  judgment.  Therefore,  if  an  image  can  be  used  well  in  a  man-machine  inter¬ 
face,  it  is  possible  to  find  a  method  to  cope  with  the  situation  that  has 
arisen  as  the  interfa:ce  and  the  man  share  an  idea.  To  image  something  in  the 
head,  express  it  as  a  drawing,  and  show  it  to  someone  is  particularly 
important  in  sharing  An  idea  with  that  person.  An  image  not  only  helps  under¬ 
standing,  but  it  also  works  effectively  in  discovering  hoW  one  person's  idea 
differs  from  that  of  another.  Here,  we  shall  look  at  graphics  (contours 
homomorphic  to  circles)  as  individual  elements  forming  such  images. 
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Making  Images  That  Can  Be  Synchronized 

To  be  able  to  show  on  display  an  image  in  which  an  interface  can  be  synchron¬ 
ized  with  the  party  with  whom  one  wishes  to  have  a  dialogue  (to  be  referred  to 
hereafter  as  "worker"),  it  is  necessary  to  share  experiences  with  the  worker. 
Specifically,  so  that  the  interface  can  ensure  mutual  understanding  with  the 
worker,  the  image  or  display  must  convince  the  worker.  Sharing  experiences 
with  the  worker  makes  it  possible  for  the  two  to  have  the  same  image  of  what 
happened.  "Localization”  playing  a  basic  role  in  handling  Images  in  this 
article  is  described  in  a  separate  article  for  this  lecture  meeting.^  Images 
are  basically  ambiguous.  An  image  has  a  certain  tolerance  not  exceeding  the 
limits  of  one's  past  experience  and  is,  therefore,  acceptable  if  it  is  within 
those  limits.  If  Images  are  used  as  is,  probably  nothing  else  is  acceptable. 
The  limits  of  tolerance  can  be  expanded  or  changed  by  study  (instruction  by 
the  worker  or  the  further  accumulation  of  experiences).  The  accumulation  of 
experiences  as  a  row  of  experiences  is  conceived  for  the  s^e  graphic  exper¬ 
ienced,  a  "car,"  for  example.  In  other  words,  a  row  of  experiences  is  a  row  of 
an  identical  idea  (pattern),  such  as  "car,"  arranged  according  to  a  certain 
sequence.  When  memorizing  a  pattern,  not  the  graphic  itself  but  the  results 
obtained  by  local  linearization  according  to  the  abovementloned  "localization" 
are  memorized.  As  stated  below  on  the  procedure,  this  is  a  kind  of  feature 
extraction  and  only  the  features  are  memorized.  (In  the  case  of  a  human, 
however ,  there  are  some  cautionary  points  in  utilizing  the  form  of  interface, 
such  as  the  fact^  that  the  same  graphic  cannot  be  fully  recognized  depending 
on  the  direction  it  faces.)  The  "car"  shown  in  Figure  1  can  be  divided  into 
eight  parts;  U,-,  Uj  n  Uj+i  i  -  1,  •  •  • ,  8,  (provided  that  i+1  -  1  if  i-9) . 

These  Uj's  have  a  local  coordinate  system  Vj  on  either  the  x-axis  or  the  y-axis 
of  the  xy  coordinate  system.  (p(U<x)  -yi,  p  is  a  coordinate  map.)  kj ,  inclina¬ 
tion  of  tangent,  at  each  point  on  this  V,-  does  not  greatly  vary  on  Vj ,  depend¬ 
ing  on  how  U{  is  taken.  Therefore,  kbl  can  be  represented  by  the  value  at  a 
certain  point  of  voltagej.  kj ,  i-1,  •••,  8  are  arranged  in  this  sequence  and 
memorized  as  a  visual  experience,  k,-  is  to  be  uniformly  expressed  by  6\,  a 
value  replaced  with  an  angle  of  inclination  and  measured  counterclockwise  with 
the  x-axis  (horizontal)  as  the  standard.  Geometrical  features  are  extracted 
for  adjoining  domains  i  and  i+1  by  checking  with  all  adjoining  sets  to  see 
whether  adjoining  domains  are  linked  by  the  "convex"  relation  or  the  "concave" 
relation,  depending  on  whether  6\  -  Sj+i  is  positive  or  negative  (there  can  be 
no  “  0) .  In  the  above,  the  length  of  each  domain  (segment)  is  not  memorized. 
When  reproducing  a  drawing,  it  is  possible  to  reproduce  it  not  necessarily  as 
a  straight  segment  but  show  it  as  a  curve  incorporating  some  nonlinearity  and, 
in  these  respects,  it  is  topological.  If  the  "convex"  and  the  "concave"  are 
expressed  by,  respectively,  1  and  0,  the  car  in  the  drawing,  for  example,  be¬ 
longs  in  the  category  of  10110111.  (In  the  case  of  a  triangle  as  the  simplest 
example  of  graphic,  the  category  is  111.)  Further,  the  same  category:  10110111 
includes  such  concepts  as  ship  and  building.  In  these  Instances  with  a  plural 
number  of  possibilities,  the  possibilities  can  be  discerned  through  experi¬ 
ences  (namely,  by  this  method)  or  sometimes  by  knowing  the  context.  If  a 
definite  contour  can  be  extracted  as  a  definite  image  based  on  experiences 
thus  accumulated,  this  is  f,  response  from  the  row  of  experiences  for  each 
divided  portion  to  the  real  number.  In  the  case  of  a  "car,"  the  graphic  and  j 
are  memorized  as  showing,  respectively,  a,-  -  (,6^  $2,,  ^8)i  and  the  j-th 
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experience,  f:  X*  ^  R®,  using  X*  for  the  space  composed  of  rows  of  experiences 
(aj).  Specifically,  what  f  is  like  depends  on  the  norm  of  (subjective)  evalua¬ 
tion  that  is  to  be  used.  As  stated  above,  it  is  necessary  for  the  worker  and 
the  interface  to  share  the  same  experience. 


Figure  2.  Examples  of  Concepts  Belonging  to  Category  10110111  and 

Identified  by  Accumulation  of  Experiences  (Car,  Ship,  and 
Building) 
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[Text]  An  optical-digital  hybrid  system  is  proposed  for  the  texture  analysis 
of  images.  Directional  low-pass  filtering  is  performed  using  an  incoherent 
optical  system.  The  output  image  of  the  system  is  then  processed  digitally  to 
extract  local  features  such  as  area  and  number  of  particles.  These  processes 
are  repeated  for  appropriate  directions.  Finally,  the  features  of  each  local 
area  is  examined  and  resembling  areas  are  combined  to  construct  the  map  of 
texture.  This  paper  reports  the  principle  of  operation  and  an  example  of  the 
experiments . 

1 .  Introduction 

One  of  the  image  processing  methods  available  is  texture  analysis  from  the 
directivity  of  the  distribution  of  concentrations  by  means  of  a  concurrent 
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queue.  It  enables  the  uniformity  and  contrast  of  the  distribution  of  concen¬ 
trations  to  be  determined  separately  by  directions.  But  the  processing  to  find 
a  concurrent  queue  takes  immense  time.  Meanwhile,  space  filtering  can  be  done 
instantaneously  by  a  simple  lens  system  if  an  incoherent  correlational  optical 
system  is  used.^  So,  time  taken  by  texture  analysis  can  possibly  be  shortened. 
Here,  I  propose  a  formula  for  conducting  texture  analysis  by  digitally 
processing  images  whose  directional  components  have  been  extracted  by  an 
optical  space  filter. 

2.  Composition  and  Principle  of  Operation 

If,  in  the  optical  system  in  Figure  1,  f(u,v)  is  the  light  intensity 
distribution  on  the  input  face,  g(x,y),  light  intensity  distribution  of  the 
image  on  the  image  formation  face  of  the  lens,  L,  can  be  shown  by  the 
following  expression: 

M 

g{x,y)  ■  //^<“  ,v)m{  u-x,  v-y)  dudv  ( 1 ) 

-«• 

Here,  m(x,y)  is  the  Fourier  transformation  of  M(s,t),  mask  put  on  the  lens 
face,  and  shown  as 

m{x,y)  =  (2) 

(K,k:  constants  determined  by  optical  system) 

Therefore,  if  M  is  a  rectangle  as  in  Figure  2(a), m  is  as  shown  in  (b) .  So,  the 
optical  system  in  Figure  1  is  a  filter  restricting  spatial  frequency 
components  in  a  direction  at  right  angle  to  the  longer  side  of  the  rectangle. 


Figure  1.  Figure  2. 


Figure  3  is  the  flowchart  of  digital  image  processing  after  the  image  pickup 
of  g(x,y).  First,  the  direction  of  the  mask  is  set  at  a  certain  angle  d  and 
for  binary  terms.  Then,  divide  into  blocks  of  suitable  size  and  compute  area 
s  and  ntunber  of  independent  graphics  p  in  each  block.  These  values  are  used  as 
block  characteristic  quantities  s(m,n,5)  and  p(m,n,5).  These  measurements  are 
repeated  for  the  necessary  number  of  times  using  different  mask  angles.  Then, 
these  characteristic  quantities  are  compared  between  blocks,  similar  blocks 
are  integrated  together  and  the  whole  picture  is  regionally  divided  by 
textures . 
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Setting  of  nask  angle 


Inage  pickup 


Computing  threshold  value 


Computing  characteristic 
quantity  in  each  block 


J^ompleted  for  all  angles^ 


Computing  parameter  values 


Figure  3. 


3 .  Test  Results 


Figure  4  is  an  example  of  test  results.  The  image  in  (a)  of  the  figure  is 
divided  into  64  x  64  pixels.  The  number  of  blocks  is  8  x  7.  (b)  and  (c)  are 
block  characteristic  quantities  shown  when  the  filter  angle  is,  respectively, 
0  and  90. 
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Figure  4. 


Here  the  shape  parameters  of  blocks  are  shown  by  the  following  four  bits: 


a  ==  0(0,5<p(m,n,90)/p(m,n,0)<2,)  ,  =  1  (otherwise)  (3) 

=  0(0.9<s(m,n,90)/s(m,n,0)<l.l)  ,  =  1  (otherwise)  (4) 

7  ==  0(p(m,n,0)<5)  ,  -  1  (otherwise)  (5) 

5  0(p(m,n,  90)<3)  ,  -  1  (otherwise)  (6) 


Figure  4(d)  shows  the  results  as  hexadecimal  numbers  by  arranging  them  in  the 
order  of  (a  jS  7  5).  Therefore,  numerical  proximity  does  not  necessarily  mean 
morphologic  proximity. 

It  can  be  seen  from  (a)  and  (d)  that  similar  domains  have  similar  parameter 
values . 

4.  Postscript 

In  the  test,  the  mask  was  turned  6  hy  9  because  only  one  set  of  optical  space 
filters  was  used.  But  processing  can  be  speeded  up  by  paralleling  as  in 
Figure  5. 

kup  element 


face 

Figure  5. 


Regarding  the  combination  of  block  characteristic  quantities,  automatic 
learning  methods,  such  as  the  neuro-network,  may  possibly  be  used. 

Fixed  block  division  was  used  this  time  because  of  the  inadequate  memory 
capacity  of  the  equipment  but  more  accurate  domain  division  is  possible  if 
variable  block  size  or  pixel-by-pixel  locomotion  is  used. 
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Guiding  Autonomous  Robots  by  Cognitive  Map 
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[Text]  Abstract  A  human  can  find  his  own  route  from  starting  point  to  desti¬ 
nation,  by  means  of  knowledge  about  some  positions  of  some  objects  and  some 
paths.  And  then,  he  makes  use  of  a  cognitive  map,  which  includes  the  relation¬ 
ship  between  some  characteristic  points  and  the  area.  We  represent  that  a 
cognitive  map  applies  to  a  map-based  navigation  method  for  an  autonomous 
robot . 

In  this  report,  the  construction  method  of  the  indoor  map  and  the  navigation 
method  are  described. 

1.  Introduction 

A  human  can  find  a  route  to  a  desired  destination  using  his  knowledge  about 
the  spatial  arrangement  of  objects  and  paths.  In  doing  so,  he  uses  a  cognitive 
map  composed  by  positioning  landmarks  and  clues  to  the  locality. 

There  are  various  methods  to  guide  autonomous  mobile  robots  but  the  authors 
are  attempting  to  guide  a  robot  with  a  visual  sensor,  using  this  cognitive  map 
for  guidance  under  known  environments . ^ 

In  this  report,  we  will  describe  how  to  compose  a  map  indoors  and  how  to 
indicate  a  route  by  a  cognitive  map. 

2.  Composition  of  Maps 
2.1  Cognitive  Map 

When  a  human  shows  a  route  by  language,  he  indicates  it  as  follows: 

"Go  straight  along  the  corridor  and  turn  right  at  the  first  T  junction; 
the  first  door  is  the  door  to  the  teachers'  room." 

This  is  composed  of  a  mark  to  serve  as  a  subgoal  and  instructions  necessary  to 
reach  the  target  and  takes  the  form  of  guiding  to  the  destination  by  setting 
a  plural  number  of  subgoals.  This  is  a  kind  of  cognitive  map  called  a  road 
map.^  It  shows  a  route  by  words  denoting  a  specific  place  and  does  not  include 
two-dimensional  information. 

Guiding  a  robot  by  such  a  road  map  has  advantages  that  include  the  following: 

(1)  Since  it  does  not  include  distance  information,  it  is  unnecessary  to 
measure  distance  traveled  and  consider  errors  in  this  measurement. 
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(2)  By  setting  subgoal  marks  suitable  for  image  processing,  it  is  possible  to 
reduce  processing  time. 

2 . 2  How  To  Compose  a  Map 

To  use  a  road  map  to  guide  a  robot,  there  must  be  arms  which  are  systematic¬ 
ally  placed  on  the  map.  In  this  study,  no  artificial  landmarks  for  the  robot 
are  used.  Instead,  the  following  indoor  objects  are  used  as  marks. 

(1)  Doors 

(2)  Corners,  intersections,  and  T  junctions. 

Information  concerning  doors  is  necessary  for  locomotion  from  room  to  room. 
Also,  directions  change  at  a  corner  and  may  change  at  an  intersection  or  a  T 
junction.  So,  information  on  these  points  must  be  shown  on  the  map. 

These  are  composed  of  straight  lines  and  are  therefore  expected  to  be 
relatively  easy  to  extract  from  images . 

A  map  is  composed  of  a  graph  noded  with  characteristic  points  which  are  marks 
in  1)  and  2).  Figure  1  is  an  example. 


Door  1 


‘  Door  3  Door  6 


Door  2 


I 


Door  1 - Tj-netiwl - Door  J - T  j-"euon  2 - Door  6 

Door  2  Door  5 

Corner  1  -  Door  4  '  '  Corner  2 

Figure  1.  Indoor  Environment  and  Map 


At  such  branch  joints  as  intersections  and  T  junctions,  the  directions  of 
adjacent  characteristic  points  are  indicated  in  terms  of  east,  west,  north, 
and  south.  Figure  2  is  an  example  of  data  on  a  T  junction. 


X  junction  1  | 

North 

South 

Door  2 

East 

Door  3 

West 

Door  1 

Figure  2 .  Data  on  T  Junction 

When  preparing  a  route,  these  data  are  only  used  to  decide  whether  to  go 
straight  or  turn  right  or  left.  So,  precise  agreement  with  actual  direction  is 
not  always  necessary.  For  a  corner  Involving  right  or  left  turn,  indication 
must  be  made  similarly  to  a  branch  point. 
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3.  Preparation  of  Routes 

When  the  characteristic  points  that  are  to  be  the  start  and  the  goal  and  the 
general  direction  of  the  goal  are  inputted,  the  robot  makes  route  searching 
and  checks  on  the  characteristic  points  to  be  passed  through  before  reaching 
the  goal.  If  it  is  an  unforked  road,  the  robot  proceeds  toward  the  goal  but  in 
the  case  of  a  branch  point,  it  takes  the  road  running  in  the  direction  of  the 
goal  and,  if  it  turns  out  to  be  a  dead-end,  the  robot  returns  to  the  branch 
point  and  checks  for  another  road.  This  is  repeated  until  the  robot  reaches 
the  goal.  It  forms  a  route  by  reading  from  the  map  the  travel  commands  for 
reaching  subgoals  that  are  characteristic  points.  A  travel  command  is  judged 
by  the  type  of  the  present  characteristic  point  as  follows : 

(1)  Doors 

If  the  present  place  is  a  door,  the  travel  command  is  always  "go 
straight. " 

(2)  Corners,  T  junctions,  and  intersections 

If  the  present  place  is  a  branch  point:  a  corner,  a  T  junction  or  an 
intersection,  judgment  as  to  whether  to  go  straight  or  turn  right  or 
left  is  made  by  referring  to  the  branch  point  data  in  Figure  2. 

Indication  of  the  route  to  the  goal  thus  prepared  takes  the  same  form  as  the 
road  map.  For  example,  route  indication  with  Door  1  as  the  start  and  Door  2  as 
the  goal  is  given  by  Figure  3 . 


[  start  1 

Door  1  1 

Sub -goal 

7  junction  1 

Command 

1  Go  straight 

\ 

Goal 

1  Door  2 

Command 

1  Turn  right 

Figure  3 .  Example  of  Route  Indication 

4.  Conclusion 

We  have  seen  how  to  compose  an  indoor  map  with  a  graph  using  characteristic 
points  as  nodes  and  how  to  guide,  using  this  map.  In  the  future,  we  will  study 
how  to  process  if  characteristic  points  cannot  be  recognized  and  apply  the 
results  to  practical  traveling. 
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High-Speed  None Iroular  Machining  NC- Lathe  for  Engine  Pistons 

906C0020  Tokyo  INTELLIGENT  FA  SYMPOSIUM  in  Japanese  19  Jul  89  pp  101-102 

[Article  by  Toshiro  Higuchi,  Institute  of  Industrial  Science,  University  of 
Tokyo;  Tomomi  Yamaguchi,  Advanced  Software  Technology  and  Mechatronics 
Research  Institute  of  Kyoto;  and  Minoru  Tanaka,  Izumi  Automotive  Industry  Co.  , 
Ltd. :  ”F5  Development  of  a  High-Speed  Noncircular  Machining  NC-Lathe  for 

Cutting  a  Piston-Head  of  a  Reciprocating  Engine”] 

[Text]  Abstract  This  paper  presents  a  high-speed  noncircular  NC-lathe  for 
cutting  a  piston-head  of  a  reciprocating  engine.  The  positioning  of  a  cutting 
tool  is  necessary  for  noncircular  machining.  This  positioning  mechanism  needs 
high-frequency  response  and  high  power.  So  we  have  applied  the  mechanism  by 
the  electromagnetic  force  to  it,  and  have  developed  the  high-speed  noncircular 
machining  NC-lathe.  In  this  machining,  a  piston-head  of  a  reciprocating  engine 
can  be  machined  in  the  accuracy  of  2  /xm  at  3000  rpm.  This  machining  perform¬ 
ance  is  superior  to  any  other  conventional  machining  lathes. 

1 .  Int r oduc t ion 

The  development  of  high-speed  noncircular  machining  NC-lathe  especially  for 
cutting  piston-heads  for  a  reciprocating  engine  has  progressed  in  recent 
years.  This  machining  requires  a  cutting  tool  positioning  mechanism  combining 
high-speed  response  and  high  output  and  the  authors  have  developed  a  highly 
efficient  noncircular  machining  NC-lathe,  using  an  electrohydraulic  servo¬ 
mechanism  for  this  positioning.^*^  However,  hydraulic  driving  involves 
practical  problems,  such  as  large  equipment  and  the  cumbersome  maintenance  of 
oil,  etc. 

This  method  describes  the  development  of  the  piston  machining  high-speed  NC- 
lathe  with  a  high-speed  positioning  mechanism  driven  by  the  electromagnetic 
suction  force  by  the  electromagnet  proposed  as  a  cutting  tool  positioning 
mechanism, taking  its  practical  aspects  into  consideration,  and  the 
machining  performance  of  this  lathe. 

2.  Outline  of  Piston  Machining  NC-Lathe 

Figure  1  shows  the  outline  of  the  lathe  developed.  This  lathe  detects  the 
angle  of  rotation  of  the  main  shaft  by  a  512  pulse/rev.  encoder  attached  to 


the  main  shaft,  outputs  input  data  put  into  the  computer  in  advance 
successively  to  the  positioning  control  system  by  detecting  signals  from  the 
encoder  and  thus  makes  positioning  and  machining.  The  lathe  is  so  conditioned 
that  one  bit  in  the  S/A  and  A/D  converters  may  be  0.12  /xm  by  the  displacement 
of  the  cutting  tool.  Figure  2  shows  the  outline  of  the  positioning  device.  In 
it,  the  cutting  tool  is  attached  to  the  tip  of  the  shaft.  In  this  device, 
plate  springs  are  used  as  springs  to  be  attached.  These  plate  springs  not  only 
give  the  effect  of  spring  attachment^  but  also  guide  the  moving  parts.  In 
contact  support  guiding  mechanisms,  such  as  ball  splines,  breakdown,  abrasion, 
and  life  become  problems  but  this  device  has  solved  these  problems  by  using 
plate  springs . 
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Figure  1.  Outline  of  Noncircular 
NC  Lathe 


Figure  2.  Outline  of  Positioning 
Mechanism 


As  a  method  to  control  cutting  tool  positioning,  we  used  repetitive  control 
combined  with  inverse  transfer  function  compensation.^ 


3.  Machining  Performance 

We  checked  for  machining  performance  by  conducting  noncircular  machining  under 
the  following  processing  conditions: 


The  processing  target  shapes  used  were  the  shapes  of  pistons  with  the 
sectional  shapes  of  f(^)  =  45  +  0.125  cos  2^  [mm]  and  f(d)  «  45  +  0.04  cos 
2^[mm].  These  are  near  ellipses  and  expressed  as  a  ^0.5  ellipse  and  a  ^0.16 
ellipse  in  view  of  the  fact  that  generally,  an  ellipse  with  a  major  axis-minor 
axis  difference  of  x  mm  is  expressed  as  a  ^x  ellipse.  The  material  to  be  cut 
was  an  AC8A  bar  (<^90x120):  Al  alloy  often  used  as  a  piston  material.  The 
number  of  revolutions  of  the  main  shaft  was  3000  rpm,  the  feed  was  0.12  mm/ 
rev.  ,  the  depths  of  cut  were  0.15  mm  (^0.5  ellipse)  and  0.1  mm  (^0.16  ellipse) 
and  the  cutting  tool  material  was  compact  (diamond) . 

Figure  3  shows  the  results  of  measurement  of  shapes  attained  by  processing  the 
<^0.5  and  <^0.16  ellipses.  From  it,  one  can  see  that  both  shapes  can  be 
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processed  with  accuracies  of  less  than  2  /im  by  correcting  input  data,  using 
repetitive  control  combined  with  inverse  transfer  function  compensation.^ 


(a)  ^0.5  ellipse 


(b)  ^0.16  ellipse 


Figure  3.  Measurement  of  Processed  Shapes 


4.  Conclusion 

We  have  developed  a  piston-cutting  high-speed  noncircular  machining  NC-lathe 
using  a  high-speed  processing  mechanism  by  electromagnetic  suction  force  by  an 
electromagnet  and  confirmed  that  it  can  process  with  an  accuracy  of  2  /xm  at 
3000  rpm.  This  lathe  is  a  useful  processing  machine  because  it  can  not  only 
process  but  its  positioning  mechanism  is  simple  and  compact. 
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SCIENCE  6c  TECHNOLOGY 


FY90  Science  &  Technology  Budget  Proposals  Reported 
90FE0098A  Tokyo  PUROMETEUSU  in  Japanese  1  Mar  90  pp  6b-72 
[Text]  FY90  Science  &  Technology  Budget  Proposal 

About  1.9  Trillion  Yen,  a  5.7  Percent  Increase  for  the  Promotion  of  an 
Abundant  and  Creative  Science  6i  Technology 

-  Coordination  Division,  Science  &  Technology  Policy  Bureau,  Science  6c 
Technology  Agency 

The  Science  and  Technology  Agency  [STA]  has  the  position  of  comprehensively 
furthering  science  and  technology  policy.  The  coordination  of  policy 
execution  among  the  related  government  ministries  and  agencies  is  one  of  its 
major  tasks.  At  this  time,  we  have  put  together  an  outline  of  the 
government’s  science  and  technology  budget  proposal. 

The  government,  for  the  purpose  of  promoting  science  and  technology,  passed 
at  a  Cabinet  conference  in  March  1986,  a  proposal  entitled  ’’Science  and 
Technology  Policy  Outline.”  The  proposal,  while  giving  consideration  to  the 
harmonious  development  of  science  and  technology  with  mankind  and  society  and 
the  development  of  a  science  and  technology  that  focused  on  internationalism, 
mainly  emphasized  the  promotion  of  an  abundant  and  creative  science  and 
technology. 

STA  is  responsible  for  comprehensively  advancing  policy  on  science  and 
technology  for  the  purpose  of  promoting  science  and  technology.  One  of  its 
major  tasks  is  to  comprehensively  coordinate  the  execution  of  science  and 
technology  policy  among  the  various  government  ministries  and  agencies. 

Below  is  an  outline  of  its  FY90  science  and  technology  budget  proposal. 

A  Science  and  Technology  Budget  Spread  Over  All  Government  Offices 

The  science  and  technology  budget  is  shown  in  Table  1,  and  consists  of  the 
expenses  for  promoting  science  and  technology  and  other  research  related 
expenses  in  the  general  account,  along  with  expenses  placed  in  the  special 
account.  (Note) 
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Science  and  Technology  Expenses  in  the  General  Account 

-  Science  and  Technology  Promotion  Expenses 

One  of  the  major  expense  areas  in  the  general  account  consists  of  national 
laboratory  research  organization  expenses,  various  subsidies,  and  government 
contributions. 

-  Other  Research  Related  Expenses 

These  consist  of  research  related  expenses  other  than  those  promoting  science 
and  technology  and  accounted  for  in  the  general  account  (energy  policy 
expenses,  education  promotion  subsidies,  economic  cooperation  expenses,  small 
and  medium  firm  policy  expenses,  and  things  included  in  other  expense  items). 

Science  and  Technology  Expenses  in  the  Special  Account 

These  consist  of  research  related  expenses  in  the  special  account  such  as  the 
public  secondary  school  special  account;  the  electric  power  source 
development  and  furtherance  policy  special  account;  the  coal  and  oil,  as  well 
as  oil  substitute  energy,  policy  special  account;  and  the  industrial 
investment  special  account. 

Total  is  1,919,600,000  Yen  and  Focus  is  on  the  General  Account  Budget 

The  proposed  FY90  science  and  technology  budget  is  1.9196  trillion  yen.  If 
we  compare  it  to  last  year,  we  find  that  the  first  proposed  budget  last  year 
was  1.8156  trillion  yen.  When  compared  with  that  1.8156  trillion  yen  of  last 
year,  it  has  a  growth  factor  of  an  overall  increase  of  104  billion  yen.  When 
compared  with  the  budget  this  year,  it  represents  an  increase  of  5.7  percent. 
Out  of  this,  the  general  account  budget  portion  is  903.4  billion  yen.  When 
compared  with  last  yearns  first  budget  amount  of  862.5  billion  yen,  it  grew 
at  4.7  percent  or  an  increase  of  40.9  billion  yen,  or  a  4.7  percent  increase. 
Moreover,  the  special  account  portion  is  1.0162  trillion  yen.  When  compared 
to  last  year’s  initial  budget  amount  of  953.2  billion  yen,  it  is  an  increase 
of  63  billion  yen,  or  6.6  percent.  Incidentally,  science  and  technology 
promotion  expenses  in  the  general  account  budget  is  475.5  billion  yen. 
Compared  with  last  year’s  initial  budget  of  448  billion  yen,  it  is  an 
increase  of  27.5  billion  yen,  or  6.1  percent. 

Table  2  shows  that  the  general  ways  and  means  in  the  FY90  budget  account 
represents  an  increase  over  last  year’s  expenses  of  3.8  percent.  The 
promotion  of  science  and  technology  is  said  to  be  considered  a  focal  concern. 

Incidentally,  Tables  3  and  4  illustrate  the  breakdown  of  the  FY90  science  and 
technology  budget  proposal  by  government  ministry  and  agency,  while  Figure  1 
illustrates  the  changes  in  science  and  technology  related  budgets. 


Table  1.  Composition  of  the  Science  and  Technology  Budget 


Science  and 
Technology 
Budget 


Science  and  Technology  Expenses 
Within  the  General  Account 


Science  and  Technology  Expenses 
Within  the  Special  Accounts 


Science  and  Technology 
Promotion  Expenses 


Other  Research^Related 
Expenses 


Figure  1*  Changes  in  the  Science  and  Technology  Budget  (Unit:  One  hundred 
million  yen) 


[Figure  1  continued  on  following  page] 
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[Figure  1  continued] 


Fiscal  Year 

1985 

1986 

1987 

1988 

1989 

1990 

Science  and 
technology 
promotion 
expenses 

(1.3) 

3,816 

(2.5) 
3,910  1 

1 

1 

. ~1 

(2.5) 

4,006 

i 

(4.2)  : 

4,173  ; 

i 

1 

j 

(7.4) 

4,480 

(6.1) 

4,755 

Other 

research- 

related 

expenses 

within 

the  general 

account 

(1.1) 

3,911 

1 

(0.5) 

3,922 

(1.4) 

3,989 

1 

(1.6) 

4,052 

(2.3) 

4,144 

(3.3) 

4,279 

Science  and 
technology 
expenses 
within  the 
general  account 

■ 

■ 

I 

1  (2.0) 

1  7,995 

^  (2.9) 

i  8,225 

(4.9) 

8,624 

(4.7) 

9,034 

j 

Science  and 
technology 
expenses 
within  the 
special  accounts 

(5.5) 

7,602 

(8.2) 

8,222 

i 

(4.9) 

8,628 

1 

(3.5) 
j  8,933 

j 

(6.9) 

9,532 

:  (6.6) 

i  10,162 

[ 

1 

1 

Total  science 
and  technology 
budget 

(3.3) 

15,329 

(4.8) 

16,064 

•  (3.5) 

'  16,623 

j _ 

i  '  ■ 

i 

i  (3.2) 
17,157 

J _ 

i 

1 

'  (5.8) 

18,156 

1 

1 

:  (5.7) 

i  19,196 

1 _ 

The  percentage  of  increase  or  decrease  vis-a-vis  the  previous  year  is  in 
brackets. 
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Table  2.  Comprehensive  Table  on  the  FY90  Science  and  Technology  Budget 
(Unit:  One  Million  Yen) 


unit!  ion 


million 


Fiscal  Year 


Category 


1989  budget 


1990  proposed 
budget 


Increase 

decrease 


Science  and 
technology  promotion 
expenses 


448,032 


475,460 


6.1 


Other  research- 
related  expenses 


414,418 


427,921 


3.3 


Science  and 
technology  expenses 
within  the 
general  account 


862,451 


903,381 


4.7 


Science  and  technology 
expenses  within  the 
special  accounts 


953,166 


1,016,222 


6.6 


Total  science  and 
technology  budget 


1,815,616 


1,919,603 


5.7 


R 

E 

F 

E 

R 

E 

N 

C 

E 


Total  general  account 


60,414,194 


66,236,791 


9.6 


General 
expenditures 
out  of  the 
general  account 


34,080,487 


35,373,114 


3.8 


(Notes) 

1.  General  expenditures  consist  of  all  expenses  from  the  total  general 
account  except  for  government  bonds,  local  transfer  tax  subsidies,  and 
transfers  to  the  Industrial  Investment  Special  Account. 

2.  This  table  is  an  STA  estimate. 

3.  The  additions  in  each  column  and  the  total  amounts  are  rounded  off  to  the 
nearest  whole  and  therefore  do  not  match. 
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T.ble  3.  Comprehensive  Table  of  the  FY90  Science  and  Technology  Bndgeta  of  Individual  Government  Offices  (as  Estimated  by  STA) 


51 


[Table  continued) 
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SUPERCONDUCTIVITY 


Problems  With  Practical  Use  of  High-Temperature  Oxide  Superconductors 

906C7513A  Tokyo  KO  ON  CHODENDOTAI  NO  JITSUYOKA  E  NO  TENBO  in  Japanese 
17  Jan  90  pp  5-10 

[Article  by  Keiichi  Ogawa,  National  Research  Institute  for  Metals] 

[Text]  1.  Preface 

Problems  to  be  resolved  to  put  high-temperature  oxide  superconductors  into 
practical  use  can  be  classified  roughly  into  two  major  problems:  application 
technology,  with  which  ferromagnetic  fields  are  involved  in  some  forms,  and 
electronics  application-related  technology.  In  the  former  case,  the 
processing  of  superconducting  materials  into  superconducting  wires  and  high 
critical  current  density  are  the  major  subjects  to  be  studied.  In  the  latter 
case,  the  technology  for  processing  superconducting  materials  into  thin 
films,  particularly,  the  low-temperature  (600° C  or  lower)  process  is  the 
major  research  subject.  This  paper  first  describes  an  atomic  structure  and 
an  electron  structure  peculiar  to  high-temperature  oxide  superconductors. 
Then,  on  the  basis  of  such  structures,  problems  with  high-temperature  oxide 
superconductors  are  discussed.  In  other  words,  c-face  orientation, 
anisotropy,  pinning,  and  manufacture  of  thin  films  are  highlighted  in  this 
paper. 

2.  Features  of  Microscopic  Structure 
(1)  Structural  Features 
(i)  Cu02  Face 

The  following  are  the  basic  crystal  structures  of  high-temperature  oxide 
superconductors . 

-  (La ,  Ba ) ^CuO^ 

-  YBa2Cu30g+jj 

-  (Nd,  Ce)2CuO^ 

These  structures  can  be  deemed  to  be  tetragonal  crystals  (lattice  constants 
a,  c),  or  to  have  been  slightly  deformed  from  tetragonal  crystals  (for 
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example,  orthorhombic  crystals  aH^,  c,  or  a  modulated  structure  that  can  be 
seen  in  Bi  system).  The  size  of  an  axis  is  about  3.8  A  in  any  system.  This 
shows  that  the  size  of  an  axis  is  determined  by  CUO2  faces  that  all  high- 
temperature  oxide  superconductors  contain.  In  other  words,  the  bonding  of 
Cu-0  controls  the  size  of  an  axis.  In  high- temperature  oxide 
superconductors,  the  level  of  energy  that  each  Cu  and  0  ion  valence  electron 
possess  is  close  to  each  other  and,  therefore,  each  wave  function  fully  mixes 
with  each  other.  However,  such  naive  imaging  of  CUO2  faces  cannot  explain 
the  electrical  characteristics  of  high-temperature  superconductors,  because 
from  the  initial  stage,  consideration  must  be  given  to  strong  correlations 
between  carriers  (see  2  (2)(i)). 

(ii)  Anisotropy: 

CUO2  faces  are  separated  from  each  other  by  an  oxide  layer  that  does  not 
contain  copper.  This  is  another  feature  of  high-temperature  oxide 
superconductors.  Oxide  layers,  for  example,  are  LaO  in  the  La  system,  BaO  in 
the  Y  system,  BiO  double  layers  in  the  Bi  system,  and  NdO  in  the  Nd  system 
and  do  not  contain  copper  (hereinafter  referred  to  as  ”non-copper  oxide 
layer").  The  atomic  arrangement  of  these  non-copper  oxide  layers  is  NaCl 
type  (a  typical  ion  crystal  structure)  or  similar  to  NaCl  type.  The  atomic 
arrangement  of  high-temperature  oxide  superconductors  can  be  deemed  to  be  a 
laminated  structure  of  non-copper  oxide  layers  and  CUO2  faces  (Figure  1).  As 
hereinafter  noted,  CUO2  faces  are  good  electrical  conductors  and  the  atomic 
arrangement  of  high-temperature  oxide  superconductors  can  be  deemed  to  be  a 
laminated  structure  of  ion  crystals  and  metals. 


Figure  1.  Laminated  Structure  of  Non-Copper  Oxide  Layer  (slanting  line)  and 
CUO2  Faces  (Section) 


The  laminated  structure  shown  in  Figure  1  greatly  differs  in  physical 
properties  between  the  horizontal  and  vertical  directions.  In  the  case  of 
the  Y  system,  for  example,  the  ratio  of  vertical  to  horizontal  directions  in 
regard  to  electrical  resistance  amounts  to  10^  times.  In  the  case  of  Bi 
system,  Bi-0  double  layers  are  insulators  [1]. 
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The  electrical  conductivity  and  large  anisotropy  of  CUO2  faces  are  features 
peculiar  to  all  high-temperature  oxide  superconductors. 

(2)  Electron  Theory  on  CUO2  Face 

(i)  Strong  Correlations 

Figure  2  shows  a  CUO2  face.  It  appears  that  Cu  and  0  have  been  ionized  into 
Cu  and  ^  respectively.  However,  the  CUO2  face  causes  negative  charges 
to  excessively  increase.  Such  excessive  electric  charges,  however,  balance 
with  positive  charges  on  non-copper  oxide  layers  sandwiching  CUO2  face,  thus 
neutrality  being  maintained  as  a  whole. 


Figure  2.  CUO2  Face — Black  circle: 


Cu"*^^,  white  circle:  0"^ 


+2  9 

With  respect  to  the  electron  arrangement  of  the  ion  nucleus,  Cu  is  3d  ,  and 
0”  is  2s"^p  and,  therefore,  the  total  number  of  electrons  per  CUO2  becomes 
an  odd  number.  If  two  (upward  and  downward  spins)  electrons  per  level  are 
packed  from  the  lower  energy  level,  one  electron  finally  remains  and  shows 
the  highest  energy  condition.  According  to  the  solid  electron  theory,  the 
Brillouin  zone  is  filled  with  two  electrons  per  atom  (or  unit)  and  becomes  an 
insulator  unless  bands  overlap  with  each  other.  Where  the  number  of 
electrons  per  atom  (or  unit)  is  one,  the  Brillouin  zone  becomes 
unconditionally  metallic.  CUO2  faces,  however,  are  insulators  as  can  be 
known  from  the  fact  that  CaCu02  crystals  obtained  by  unlimitedly  putting  CUO2 
faces  in  layers  are  insulators  [2].  Ca  of  CaCu02  is  called  an  "oxygen 
deficient  face"  and  is  an  atomic  layer  necessary  to  put  CUO2  faces  in  layers, 
as  in  the  case  of  Ca  in  Bi  and  Ti  systems  and  Y  in  the  Y  system, 
respectively. 

Why  are  the  CUO2  faces  of  CaCu02  insulators?  According  to  the  most  reliable  / 
theory,  strong  correlations  between  electrons  cause  CUO2  faces  to  become 
insulators.  Each  electron  senses  each  other’s  electric  charge  and  is  subject 
to  strong  Coulomb  repulsion  force.  This  is  called  "correlations." 

Therefore,  if  an  electron  existing  at  the  Cu^*^  position,  as  shown  in 
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Figure  2,  tries  to  move  to  the  adjacent  Cu  position,  the  electron  is 
subject  to  a  strong  Coulomb  repulsion  force  from  the  electron  already  present 
at  the  Cu'^  position  and  is  forced  back  to  the  original  Cu^*^  position*  The 
same  occurs  in  both  the  horizontal  and  vertical  directions.  As  a  result, 
electrons  lose  their  mobility.  This  is  slightly  similar  to  the  fact  that 
pure  Si  and  Ge  composing  semiconductors  are  insulators.  In  the  case  of 
semiconductors,  carriers  are  introduced  by  doping  impure  atoms  that  are 
different  in  atomic  value,  and  thus  electrical  conductivity  is  obtained. 

(ii)  Doping  of  Carriers 

With  respect  to  high-temperature  oxide  superconductors,  it  is  also  necessary 
to  dope  carriers  into  CUO2  faces.  Holes  are  supplied  to  CUO2  faces  by  Ba'*’^ 
(substituting  La  in  the  La  system,  0”^  (0  on  a  CuO  chain  sandwiched  by  BaO 
layers  instead  of  Q  on  a  CUO2  face)  in  the  Y  system,  maybe  BiO  in  the  Bi  and 
TI  systems,  and  0^*^  excessively  contained  in  TIO  layers.  In  the  Nd  system, 
Ce^^  substituting  Nd^*^  acts  as  a  carrier  and  supplies  electrons.  The  supply 
of  0.1  to  0.3  carriers  per  Cu  atom  causes  electrons  to  become  mobile  and  the 
material  to  become  a  superconductor  (metallic) . [3]  Lack  of  carriers  causes 
the  dependency  of  electric  resistance  on  temperatures  to  become 
semiconducting . 

The  presence  of  another  condition  on  mobilizing  has  recently  been  found. [4] 

In  other  words,  carriers  do  not  directly  move  from  Cu'*’'^  to  Cu**"^  but  move  via 
0"  (Figure  2).  With  respect  to  the  high-temperature  oxide  superconductor 
ton  bonding  ability,  differences  in  the  Madelung  energy  of  carriers  at  Cu"*^^ 
and  position  are  thought  to  play  a  vital  role.  Where  either  Cu'*’^  or  0”^ 
location  is  greatly  stabilized  by  the  static  potential  energy  given  by  the 
surrounding  ions,  electrons  stay  at  such  position. 

(3)  Superconducting  Characteristics 

(i)  Short  Coherent  Length  5 

The  upper  critical  magnetic  field  Hc2  of  high-temperature  oxide 
superconductors  is  extraordinarily  large  compared  with  that  of  metals. 
Regarding  the  Y  system,  for  example,  the  application  of  a  magnetic  field  in 
the  in-c  face  direction  and  c  axial  direction  causes  Hc2(0)  (0  -  a  value 
extrapolated  to  the  absolute  zero  degree)  to  reach  222  T  and  61  T, 
respectively.  The  upper  critical  magnetic  field  HC2  is  a  magnetic  field  when 
the  entire  specimen  is  packed  to  the  full  with  quantum  magnetic  flux  lines. 
(Magnetic  flux  is  quantized  and  magnetic  flux  per  quantum  magnetic  flux 
line  is  hc/2e  =  2.07  X  10”^  gauss-cm  .)  and  the  entire  specimen  undergoes 
phase  transition  to  the  non-superconducting  state.  If  ^  (Ginsberg  and 
Landau  coherence  length)  is  introduced  as  a  target  for  the  size  of  a  non¬ 
superconducting  region  that  is  accompanied  by  quantum  magnetic  flux  lines, 

Hc2  can  be  represented  by  the  following  equation,  because  HC2  is  equal  to 
magnetic  flux  per  unit  area. 
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(1) 


Hc2(T)  =(1^0  /2  TT  |*(T) 

where  T  =  temperature 

HCo  being  large  corresponds  to  5  being  small.  In  the  case  of  the  Y  system, 

C  to)  =  25  to  35  A  in  the  in-c  face  direction  and  C(0)  =  7  to  8  A  in  the  c 
axial  direction.  ^  changes  according  to  orientations,  which  shows 
anisotropy. 

The  coherence  length  ^  can  be  interpreted  as  follows:  Supposing  that  a  non¬ 
superconducting  region  exists  in  a  superconductor,  the  effect  of  the 
superconducting  state  extends  over  the  non-super conducting  region  to  the 
degree  of  distance  C •  In  other  words,  the  non-superconducting  region  having 
dimensions  smaller  than  C  is  actually  connected  to  the  superconducting 
region,  in  a  superconducting  state.  Short  C  shows  that  defects  such  as  grain 
boundaries  easily  result  in  weak  bonding  regions.  Consequently,  while  the 
grain  boundaries  of  high-temperature  oxide  superconductors  cause  the  critical 
current  density  Jc  to  lower,  they  can  become  barrier  layers  to  Josephson 
junctions.  Such  fact  has  already  been  reported. 

(ii)  Flux  Creep 

Even  in  the  case  of  Class  2  superconductors,  a  superconducting  current  flows 
through  the  superconducting  portion.  However,  if  an  electric  current  is 
applied  to  a  high-temperature  oxide  superconductor  under  a  magnetic  field,  an 
electric  resistance  easily  occurs.  Supposing  the  area  density  of  quantum 
magnetic  flux  lines  is  n,  the  magnetic  flux  density  can  be  given  by  B  =  n  ^q. 
The  moving  of  these  quantum  magnetic  flux  lines  at  velocity  v  causes  a 
voltage  to  be  generated  in  the  superconductor  according  to  the  following 
Faraday’s  electromagnetic  induction  law.  This  is  merely  caused  by  an 
electric  resistance  having  occurred  in  the  superconductor. 

E  =  B  X  v/c  (2) 

Figure  3  shows  electric  resistance/temperature  curves. [23]  A  magnetic  field 
is  applied  to  the  direction  vertical  to  the  c  face  in  both  the  Y  and  Bi 
systems.  If  external  magnetic  flux  B  is  increased  at  a  fixed  temperature, 
Lorentz  force  applied  to  quantum  magnetic  flux  lines  grows,  v  thereby  becomes 
larger,  and  E  also  becomes  larger,  as  equation  (2)  shows.  The  application  of 
a  magnetic  field  in  both  the  Y  and  Bi  systems,  therefore,  causes  the  electric 
resistance/ temperature  curves  to  shift  to  the  low  temperature  side.  As  can 
be  seen  from  Figure  3,  quantum  magnetic  flux  lines  are  pinned  more  strongly 
in  the  Y  system  than  in  the  Bi  system. 
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Figure  3.  Electric  Resistance  p,  Temperature  T  Curves. 

Magnetic  Field:  c  Axial  Direction. 

Black  Marks:  Y  System,  White  Marks:  Bi  System 

A  magnetic  field  is  shown  in  each  P  *1  curve  at  units  of  T.  Broken  lines 
show  copper  P-T  curves.  The  effect  of  the  magnetic  field  is  larger  in  the 
Bi  system  than  in  the  Y  system. [23] 


It  is  thought  that  quantum  magnetic  flux  lines  are  tightly  pinned  to  control 
their  movement.  It  is  also  thought  that  regions  where  the  base  phase 
superconducting  characteristics  are  different  from  each  other — such  as  non¬ 
superconducting  precipitate  phases — dislocations,  grain  boundaries,  twin 
boundaries,  and  point  defects  act  as  pinning  centers.  However,  in  the  case 
of  high-temperature  oxide  superconductors,  the  true  nature  of  pinning  centers 
still  remains  unclear.  To  put  high-temperature  oxide  superconductors  to 
practical  use,  it  is  important  to  identify  the  true  nature  of  pinning 
centers.  Short  coherence  length  ^  and  large  anisotropy,  however,  are 
complicating  the  problems. 

(iii)  Magnetic  Flux  Lattice  and  Pinning 

Quantum  magnetic  flux  lines  regularly#  line  up  and  lower  their  energy.  If  the 
section  of  such  magnetic  flux  line  lattice  is  sampled,  it  can  be  shown  that 
quantum  magnetic  flux  lines  form  a  triangular  lattice  (Abrikosov  lattice). 
Such  regular  arrangement  arises  from  a  repulsive  force  acting  between  quantum 
magnetic  flux  lines.  If  quantum  magnetic  flux  line  density  n  is  given,  the 
distance  between  quantum  magnetic  fluxes  becomes  the  largest  in  the  case  of 
triangle  lattice. 

The  potential  energy  barrier  arising  from  the  pinning  center  that  acts  on  a 
quantum  magnetic  flux  line  is  assumed  to  be  u^.  It  should  be  noted,  however, 
that  it  is  not  sufficient  to  calculate  only  quantum  magnetic  flux  line  creep 
rate  based  on  correlations  between  u^  and  thermal  energy  kT  because  quantum 
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magnetic  flux  lines  form  triangle  lattices  and  the  hardness  (elastic 
constant)  of  lattices  has  an  effect  on  creep  rate.  Further,  changes  in  the 
condition  of  quantum  magnetic  flux  line  distribution  according  to 
temperatures  will  greatly  affect  the  creep  rate.  Figure  4  shows  both  two- 
dimensional  and  three-dimensional  distributions  of  quantum  magnetic  flux 
lines. [5] 


Figure  4.  Section  on  Quantum  Magnetic  Flux  Lines  (solid  lines,  broken  lines) 
and  Pinning  Actions  (when  a  magnetic  field  was  applied  to  the  direction 
vertical  to  thin  film  face) 

(a)  Two-dimensional  distribution.  (The  rigidity  rate  of  quantum  magnetic 
flux  lines  is  large  with  respect  to  pinning  force.)  Black  circles  show 
pinning  centers,  (b)  Where  a  spiral  dislocation  (alternate  long  and  short 
dash  lines)  has  occurred  from  the  magnetic  flux  lattice  surface,  (c)  Where 
many  spiral  dislocations  have  been  introduced.  Three-dimensional 
distribution. [5] 


Figure  4  (c)  shows  a  limit  when  dimensions  Lc  and  Rc  in  the  coherent  region 
(Lc  in  the  magnetic  flux  line  direction,  Rc  in  the  vertical  direction)  in 
Figure  4  (a)  have  become  gradually  smaller.  The  pinning  force  f^  in  such 
coherent  region  can  act  in  both  positive  (£«)  and  negative  (-f  )*^directions 
based  on  the  relative  position  between  quantum  magnetic  flux  lines  and 
pinning  centers.  In  other  words,  the  statistical  sum  (that  is,  fluctuation) 
of  pinning  force  in  the  coherent  region  becomes  a  collective  pinning 
force. [6]  Such  concept  was  applied  by  Kes  to  high-temperature  oxide 
superconductors. [7]  Literature  [8]  should  be  referred  to  concerning  simple 
explanations  in  this  connection. 

(4)  Mechanical  Property 


Specific  features  of  the  high-temperature  oxide  superconductor  crystal 
structure  were  mentioned  in  2  (1).  The  lattice  constant  is  generally  in  a 
relation  of  a'^b  <<  c.  Consequently,  the  Burgers  vector  size  ”b”  of 
dislocation  is  small  inside  the  c  face  and  is  extremely  large  in  the  c  axial 
direction.  The  elastic  energy  of  dislocation  lines  is  proportional  to  y b^  (y 
=  shear  elasticity  modulus).  This  makes  it  difficult  to  introduce 
dislocations  having  Burgers  vector  components,  in  the  c  axial  direction.  The 
number  of  independent  slipbands,  therefore,  is  limited  to  two  slipbands 
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inside  a  c  face.  Within  such  limit,  it  is  almost  impossible  to  plastically 
deform  multi-crystals.  In  the  case  of  the  Y  system,  the  Burgers  vector  of 
slipband  dislocations  actually  faces  in  a  or  b  axial  direction. [9] 

As  mentioned  above,  the  bonding  of  high-temperature  oxide  superconductors  is 
controlled  by  the  CUO2  face,  and  a  large  anisotropy  is  hidden  in  the  crystal 
structure.  The  bonding  of  high-temperature  oxide  superconductors,  therefore, 
is  expected  to  be  easily  cleaved  along  non-copper  oxide  layers.  Experience 
shows  that  the  bonding  of  high-temperature  oxide  superconductors  is  liable  to 
be  cleaved  in  Y  [10]  and  Bi  systems.  Slip  deformation  inside  a  c  face, 
therefore,  is  placed  in  a  competitive  relation  with  breaking  deformation 
arising  from  cleavage  along  the  c  face.  In  many  cases,  strong  processing 
involves  the  cleavage  breaking  of  crystal  grains.  It  is  necessary, 
therefore,  to  recover  the  bonding  between  the  grain  pieces  of  crystals  broken 
by  heat  treatment,  etc.  after  processing. 

3.  Problems  with  Practical  Use 

(1)  c  Face  Orientation 

A  superconducting  current  easily  flows  along  the  in-c  face  direction  due  to 
the  laminated  structure  of  non-copper  oxide  layer /CuO  faces.  Further,  the 
coherence  length  ?  in  the  direction  along  the  c  face  is  longer  than  in  the 
vertical  direction.  For  these  reasons,  the  c  face  orientation  of  crystals 
can  be  thought  to  be  an  initial  step  to  achieve  a  high  critical  current 
density  Jc.[ll]  As  effective  processes  for  c  face  orientation,  strong 
processing, [ 12]  physical  evaporation,  chemical  evaporation,  etc.  are 
currently  widely  known.  Further,  nucleus  formation  and  growth  directions  are 
controlled  in  the  process  of  solidifying  materials  from  the  melted  liquid 
condition.  This  process  proves  to  be  effective.  As  examples  of  nucleus 
formation  and  growth,  Bi  based  2212  phase[13]  on  a  silver  tape  and  one- 
directional  solidification  in  a  Y  system  can  be  cited,  respectively .[ 14]  In 
this  case,  the  direction  of  growth  is  in-c  face  direction  (c  axis  is  vertical 
to  the  solidification  direction).  Therefore,  even  if  a  crystal  grain 
boundary  is  formed,  c  faces  (of  crystal  grains)  sandwiching  the  grain 
boundary  come  into  contact  with  each  other.  This  process  properly  uses  the 
anisotropy  of  crystal  growth.  Thus,  the  development  of  a  forming  method 
fully  utilizing  the  anisotropy  originally  provided  for  high-temperature  oxide 
superconductors  must  be  studied  in  the  future.  The  layer-by-layer  growth  of 
thin  films  corresponds  to  the  development  of  such  forming  method. [11] 

(2)  Control  of  Anisotropy 

The  quantum  magnetic  flux  line  lattice  of  a  matter  whose  anisotropy  is  large 
is  liable  to  be  put  in  the  state  shown  in  Figure  4  (c).  It  moves  to  the 
state  shown  in  Figure  4  (a),  with  a  decrease  in  anisotropy  (see  [8]).  A  Bi 
system  having  a  larger  anisotropy  and  a  Y  system  whose  anisotropy  is  weaker 
than  that  of  the  Bi  system  tend  to  approach  the  two-dimensional  arrangement 
shown  in  Figure  4  (c)  and  (a),  respectively.  Figure  4  (a)  (2-dimensional 
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state)  shows  that  the  pinning  forces  tend  to  be  statistically  positive  and 
negative  and  to  negate  each  other.  Figure  4  (c)  (3-diinensional  state)  shows 
that  each  pinning  center  effectively  pins  quantum  magnetic  flux  lines.  If 
attention  is  paid  to  this  point,  the  pinning  potential  Up  per  coherent  region 
becomes  as  follows. 

Up(Bi)  <  Up(Y)  (3) 

The  pinning  force  Fp  per  unit  volume  becomes  as  follows. 

Fp(Bi)  >  Fp(Y)  (4) 

Small  Up  of  a  Bi  system  causes  large  flux  creep.  To  increase  Up,  it  is 
necessary  to  relax  the  anisotropy  of  the  Bi  system  and,  thereby,  control  the 
anisotropy  to  the  same  level  as  that  of  Y  system.  The  control  of  anisotropy 
is  a  major  subject  to  be  studied  in  the  future.  The  relaxation  of  anisotropy 
appears  to  affect  the  mechanical  properties  and  to  facilitate  slips  in  the  c 
axial  direction. 

(3)  Pinning  Center 

High-temperature  oxide  superconductors  should  be  used  at  temperatures 
exceeding  the  liquid  nitrogen  temperature.  With  regard  to  even  Y  systems 
being  fully  studied  compared  with  other  systems,  the  real  nature  of  pinning 
centers  remains  uncleared.  Some  experiments  show  that  the  real  nature  of 
pinning  centers  may  be  twin  boundaries.  Some  experiments,  however,  show  that 
no  twin  boundaries  work. [15]  Experiments  using  samples  prepared  by  the 
quench  and  melt  growth  (QMG)  process  developed  by  Murakami,  et  al.,  deduce 
that  pinning  centers  may  be  distortions  and  dislocations  occurring  in  a 
microscopic  211  phase  (about  0.29  pm)  or  in  the  area  around  such  211 
phase. [16]  Meanwhile,  YBa2Cu20y_g  films  prepared  by  the  chemical  vapor 
deposition  (CVD)  process  show  a  high  Jc  (77.3  K,  6.5  X  10  A/cm  at  27T).[17] 
Microscopic  inclusions  (CuO  riched  phase)  existing  between  layers,  however, 
are  estimated  to  be  pinning  centers,  and  the  size  of  such  inclusion  is  about 
0.05  ym.[18] 

These  results  show  that  no  pinning  centers  common  to  YBa2Cu20y_g  exist.  If 
the  size  of  an  inclusion  is  less  than  about  0.1  ym,  there  is  the  large 
possibility  that  any  non-superconducting  phase  is  an  effective  pinning 
center.  This  appears  to  be  a  future  research  subject. 

(4)  Preparation  of  Thin  Film 

Efforts  are  being  made  to  process  superconducting  materials  into  thin  films 
mainly  in  Y  and  Bi  systems.  Preparation  of  thin  films  by  the  sputtering  or 
vacuum  evaporation  process  involves  problems  with  low  oxygen  partial 
pressures  inside  the  vacuum  chamber  and  substrate  temperatures.  A  critical 
oxygen  partial  pressure  exists  per  substrate  temperature.  At  temperatures 
below  such  critical  temperature,  YBa2Cu20^,  Bi2Sr2CaCu20^,  or  CuO  is 
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decomposed. [19,20]  The  critical  oxygen  partial  pressure  is  nearly  equal  in 
regard  to  the  above  three  substances  (Figure  5).  The  decomposition  or 
otherwise  of  CuO  faces  contained  common  in  the  above  three  substances  affects 
the  stability  of  these  substances.  This  agrees  with  the  size  of  a  and  b  axes 
of  a  high-temperature  oxide  superconductor  being  controlled  by  Cu-0  bonding 
(see  2(1) (i)).  The  initial  thin  film  preparation  conditions  (oxygen  partial 
pressure  and  substrate  temperature)  are  in  the  upper  right  half  region  shown 
in  Figure  5. 


T  l-Cl 


Figure  5.  Critical  Oxygen  Partial  Pressure  Causing  Decomposition  Reactions 
Regarding  YBa2Cu20g  q^,  Bi2Sr2Ca2^Cu20y_g,  and  CuO[  19,20] 

The  next  step  in  preparing  thin  films  is  to  introduce  carriers.  In  the  case 
of  a  Y  system,  the  Bando  group *s  reactive  vacuum  evaporation  process  can  be 
cited  as  an  example  of  success. [22]  Here,  the  preparation  of  Bi  based  2223 
phase  thin  films  that  still  involves  many  problems  is  mentioned.  Table  1 
presents  examples  where  researchers  have  to  date  comparatively  succeeded  in 
processing  superconducting  materials  into  thin  films, [11]  though  such 
examples  are  limited  to  only  the  case  where  the  low  temperature  process  was 
used.  The  table  shows  that  the  Tc  zero  is  low,  that  is,  0  to  70  K  in  the 
state  of  evaporation,  irrespective  of  the  type  of  manufacturing  processes. 
Annealing  of  the  materials  after  evaporation  causes  the  Tc  zero  to  be  greatly 
improved,  but  the  Tc  zero  never  reaches  110  K.  Experiments  on  such  as  the 
presence  or  otherwise  of  a  modulation  structure  and  chemical  shift  [24]  of 
inner-core  electron  level  of  Bi,  Sr,  Ca,  and  Cu  show  that  oxygen  is 
insufficient  in  the  state  of  evaporation  and  that  a  mixture  of  Sr  and  Ca 
remains  after  annealing,  and  Tc  is  thereby  lowered.  It  appears  that  the  lack 
of  oxygen  causes  oxygen  atoms  on  CUO2  faces  to  be  eliminated  and  0  vacancies 
to  be  formed. [11]  It  is  a  future  research  subject,  therefore,  to  remove  0 
vacancies  and  to  prevent  the  conversion  of  Sr  and  Ca  into  alloys,  where 
superconducting  materials  are  processed  into  thin  films. 
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Table  1.  Bi  Based  2223  Thin  Film:  Fabrication  Method,  Heat  Treatment,  and 
Superconducting  State  Transition  Temperature 


As  deposited 

Po5  t-annen 1 cd 

Ref. 

TsubCC) 

Tc  zcro(K) 

Temp.  (•OnTI BC(hr) 

Tc  zero(K) 

rf  or  dc 

C05PU  L  L . 

700 

35 

885  >*  I  " 

05 

a 

may no Iron 

ni  /SrCu/CaCii/SrCu 

050 

-10 

850  X  5 

-80 

b 

sinit  ter  1  ng 

IU/Sr-Ca-Cu-0 

r,G5 

in-30 

810  X  1 

82 

C 

Ion  bcani 
.'ipntlcrlng  | 

Dl -O/Sr-Ca-Cu-0 

G05 

45 

—  - 

— 

d 

LItorm.i  1 
evapora  1 1  on 

coev . 

G30 

-70 

400  X  1 

78 

c 

laser 

ablation 

Bl-O/SrCuOy 

/CaCuOy/SrCuOy 

480 

0  "" 

820  X  5  * 

-00 

f 

-  tnoL  r  1  ccl  *  :  prlvnLc  communlcollon 

a)  M.ltn^f1kl  cl.  al.  :  2nd  Workshop  on  Temp,  Superconducting  Electron  Devices 

lionn)  Hokkaido  .p2n3 

b»  II.Adachl  ct.al.  :  .Ipn.  .1.  Appl  .  Pltys.  22  (1050)  MflflO 
c)  K.  Nakamura  et.al.  :  Jpn.  J.  Appl  .  Phys.  (  siihmlLLcd  ) 

(1)  J.I-ijJILa  ct.al.  ;  AppI  .  Phys.  L.ctl.  M  (1000)  2304 
ni  T.Sato  ct.al.  :  AppJ .  Phys.  Lett.  (1060)  702 
f)  M.Kanal  ct.al.  :  Appl.  Phys.  Lett.  M  HOBO)  1802 

Where  a  2223  phase  is  prepared  by  the  stacking  process  at  a  substrate 
temperature  of  600 ®C,  the  2223  phase  is  completely  decomposed  to  a  2212  phase 
by  annealing  at  760 for  one  hour.  At  a  substrate  temperature  of  665® C, 
however,  the  2223  phase  is  maintained  at  a  stable  state  after  annealing  at 
760®C  for  one  hour. [21]  It  is  also  important  to  study  whether  the  use  of  the 
thin  film  preparation  processes  at  lower  temperatures  is  compatible  with 
thermal  stability. 

4.  Conclusion 

The  microscopic  characteristics  of  high-temperature  oxide  superconductors 
were  described  in  this  paper  from  the  material  science,  and  the  following 
topics  were  discussed. 

(1)  Structural  features 

(2)  CuO  face  electron  theory 

(3)  Superconductivity  characteristics 

(4)  Mechanical  property 

These,  however,  have  posed  various  research  subjects  that  cannot  be  found  in 
conventional  metal  superconductors.  The  subjects  herein  discussed  are: 

(1)  Plane  c  orientation 

(2)  Control  of  anisotropy 
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(3)  Pinning  center 

(4)  Processing  of  superconducting  materials  into  thin  films 

A  breakthrough  is  expected  to  be  able  to  be  made  in  these  research  subjects. 
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Critical  Current  and  Behavior  of  Magnetic  Flux 
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[Article  by  Teruo  Matsushita,  Engineering  Dept.,  Kyushu  University] 

[Text]  1.  Preface 

Critical  current  characteristics  hold  the  key  to  the  practical  use  of  high- 
temperature  superconductors.  Further,  the  use  of  superconductors  at  the 
nitrogen  temperature  involves  large  thermal  energy  and,  therefore,  magnetic 
flux  creep  is  expected  to  have  serious  effects  on  the  achievement  of 
practical  use.  Magnetic  creep  is  a  phenomenon  in  which  quantized  magnetic 
flux  caught  by  pinning  centers  is  thermally  activated,  crosses  the  pinning 
energy  barrier,  and  thereby  moves. Thus,  even  a  small  amount  of  current 
causes  magnetic  flux  flow  to  occur  and  thereby  critical  current  to  become 
zero.'^-'  Also,  even  if  a  limited  critical  current  is  measured,  permanent 
current  lowers  such  limited  critical  current  and  attenuates  with  the  passage 
of  time.*^^  These  phenomena  have  already  been  reported.  The  possibility  or 
otherwise  of  practical  application  of  high-temperature  superconductors, 
therefore,  depends  on  how  much  the  effect  of  such  magnetic  flux  creep  can  be 
reduced.  To  this  end,  it  is  necessary  to  increase  pinning  energy.  Is  it 
possible,  however,  to  increase  such  pinning  energy  in  the  case  of  high- 
temperature  superconductors,  in  view  of  principles?  To  what  extent  must 
pinning  energy  be  increased?  These  points  are  discussed  in  this  paper. 

2.  Depth  of  Magnetic  Flux  Creep  and  Pinning  Potential 

It  is  assumed  that  quantized  magnetic  flux  or  its  flux  bundle  is  caught  by 
the  pinning  potential  as  shown  in  Figure  1.  In  this  case,  the 
"irreversibility  line"  on  a  magnetic  field  temperature  plane,  where  the 
critical  current  density  Jc  determined  based  on  an  appropriate  electric  field 
standard  E  =  Ec  (for  example,  100  yV/m)  becomes  zero,  can  be  giyen^^'  by  the 
following  equation,  according  to  the  magnetic  flux  creep  theory.  ^ 

UQ  =  kjjTQn(BavQ/Ep  (1) 

where  K  =  Boltzmann  constant 

a  =  distance  between  pinning  potentials 
YQ  =  flux  bundle  oscillation  frequency 
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Figure  1.  Flux  Bundle  Caught  by  Pinning  Potential 
The  potential  slope  arises  from  Lorentz  force  operating. 


The  critical  current  density  is  zero  on  the  higher  temperature  and  higher 
magnetic  field  side  compared  with  the  curve  determined  by  Equation  (1). 
According  to  Yeshurun  and  Malozemof f the  magnetic  field  where  Jc  becomes 
zero  at  77  K  is  merely  0.7  T  in  a  Y-Ba--Cu-0  single  crystal. 

It  is  also  assumed  that  an  ideal  critical  current  density  is  Jc  where  there 
are  no  thermal  disturbances  and  that  such  critical  current  density  has  been 
achieved  at  t  =  tQ.  The  later  attenuation  of  the  permanent  current  density 
with  the  passage  of  time  can  be  represented  by  the  following  equation. 

J  =  Jco[l-(kBT/Vo)fin(t/y]  (2) 

Equation  (2)  shows  that  the  larger  the  pinning  potential  depth  Uq,  the 
smaller  the  attenuation  of  the  permanent  current  density.  Also,  the 
irreversibility  line  moves  to  the  higher  temperature  and  higher  magnetic 
field  side  as  Uq  grows.  It  can  be  said,  therefore,  that  Uq  is  an  important 
parameter,  indicating  the  size  of  effects  of  magnetic  flux  creep,  and  that 
the  process  for  increasing  Uq  is  an  important  subject  to  be  studied. 

3.  Depth  of  Pinning  Potential 

It  is  known  that  the  pinning  potential  in  regard  to  quantized  magnetic  flux 
lattice  per  unit  volume  is  generally  written  as  (1/2)  a^u^^  with  respect  to 
the  displacement  u  of  magnetic  flux,  using  Labusch  parameters^'  a 
Therefore,  if  the  size  of  a  pinning  potential  is  assumed  to  be  di  and  the 
flux  bundle  volume  to  be  V,  the  following  equation  can  be  given. 

UQ=a/2)«Ldi^V  (3) 

A  correlation  of  ot^di  =  JcqB  exists  between  the  above  quantities  and  Jcq. 

It  is  thought  that  the  flux  bundle  volume  is  determined  based  on  the  elastic 
correlative  distance  of  magnetic  flux  lattice.  If  the  elastic  correlative 
distance  of  magnetic  flux  in  the  vertical  and  horizontal  directions  are 
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assumed  to  be  ^  l^l^  and  8,  gg,  respectively,  these  can  be  given  by  8,^^  =  (C^^/ 
a  i)^  ^  and  ^  55  =  ^^66^®  "0^  ^  using  elastic  constants  and  based  on 
magnetic  flux  lattice  bending  and  shear.  In  the  case  of  strong  pinning  that 
interests  us,  however,  £66  becomes  smaller  than  the  magnetic  flux  lattice 
distance  a^  =  (2  0q/7'^3B)1/2  (0q  =  magnetic  flux  quantum)  and  a^ 
substantially  gives  a  flux  bundle  size  in  the  horizontal  direction. 
Consequently,  the  following  equation  can  be  obtained. 

(4) 


Pinning  centers  herein  pose  problems  in  high-temperature  superconductors. 

The  real  nature  of  pinning  centers  resulting  in  the  current  Jc  remains 
unclear.  This  makes  it  difficult  to  estimate  the  type  of  pinning  centers  to 
be  introduced  in  the  future.  Jc  values,  therefore,  are  estimated  herein 
using  empirical  experiment  facts.  In  other  words,  a  semi-theoretical 
approach  is  carried  out  herein.  The  use  of  the  microscopic  alternate  current 
magnetic  field  superimposing  process  has  made  it  possible  to  know,  in  regard 
to  many  superconducting  specimens,  that  d^^  is  proportional  to  magnetic  flux 
lattice  distance  a^.  C  is  herein  used  as  adjusting  parameters  for  materials 
(theoretically  ^  >  4)  and  d^^  is  represented  by  the  following  equation. 

dj  =  aj/t  (5) 

By  substituting  Equations  (4)  and  (5)  and  y  0  for  Equation  (3),  the 

following  equation  can  be  obtained. 

(6) 

In  other  words,  under  the  category  of  strong  pinning,  Uq  is  proportional  to 
the  1/2  power  of  Jcq. 

4.  Irreversibility  Line 


To  obtain  irreversibility  lines  using  Equations  (1)  and  (6),  it  is  necessary 
to  know  Uq,  that  is,  dependency  of  Jcq  on  magnetic  field  and  temperature. 

JCq  is  a  critical  current  density  in  cases  where  there  are  no  thermal 
disturbances  and  is  expected  to  be  able  to  be  introduced  by  thermal  dynamic 
discussions  as  in  the  case  of  metal  based  low-temperature  superconducting 
materials.  From  this,  it  is  estimated  that  scale  rules,  as  in  the  case  of 
metal  based  superconducting  materials,  can  be  established  in  regard  to  the 
dependency  of  Jcq  on  magnetic  field  and  temperature.  The  following  equation, 
therefore,  is  used  herein. 


where  A  =  constant 

/»  6  =  parameters 


(7) 


78 


Equation  (7)  is  then  substituted  for  Equation  (6)  and  is  approximated  as 
being  Bc2(T)  =  Bc2(0)(1-T/Tc).  Equation  (1)  becomes  as  follows. 


£ 

T 


tl-  1  <y/2_B(3-2r)/4 


(8) 


K  is  a  constant  and  can  be  obtained  using  the  following  equation. 


K  =  0.835 


(9) 


The  logarithm  in  Equation  (9)  is  about  20  and  is  a  quantity  that  does  not 
greatly  change.  Supposing  that  two-dimensional  pinning  centers  like  twinning 
planes  operate  in  a  Y  system,  it  can  be  estimated  that  y  =  1/2  and  m  =  2 
based  on  the  example^'  of  pinning  arising  from  the  crystal  interface  in 
Nb^Sn.  Using  this,  it  is  assumed  that  the  irreversibility  field  Bi  at  T  ^.77 
K  is  fully  smaller  than  Bc2*  Then,  the  following  dependency  is  obtained.  ' 
Such  dependency  is  the  same  as  that  of  the  results  of  experiments  conducted 
by  Yeshurun  and  Malazemaff 


c  c 


(10) 


To  what  extent  can  Bi  be  enlarged  by  strengthening  pinning?  We  are 
interested  in  such  point.  The  strength  of  a  pinning  center  (elementary 
pinning  force)  is  generally  proportional  to  Bc^5  /^Uq  as  Be  being  a  thermal 
dynamic  magnetic  field  and  ^  being  a  coherence  length.  Such  value  is  about 
0.3^^  at  77  K  for  a  Y  system,  on  the  assumption  that  Nb^Sn  at  4.2  K  is  1. 

This  shows  that  pinning  is  not  so  potentially  weak.  Incidentally,  Nb-Ti  at 
4.2  K  is  about  0.06.  thought,  therefore,  that  a  critical  current 

density  of  about  2  X  10^^  A/m^  at  77  K  and  5T  can  be  fully  achieved  from  the 
thermodynamic  standpoint . Thus,  ?  is  estimated  to  be  about  6°^  for 
specimens  having  strong  pinnings.  From  this,  where  a  magnetic  field  exists 
in  a-b  face,  it  can  be  estimated  that  Bi  ^74T.  The  ratio  of  such  Bi^74T  to 
real  Bc2  remains  unknown,  but  such  value  is  fully  large  from  the  standpoint 
of  practical  use.  In  other  words,  such  value  can  easily  clear  the  conditions 
allowing  limited  Jc  values  to  exist  up  to  a  fully  high  magnetic  field. 
Actually,  a  large  Jc  can  be  maintained  up  to  27T  in  regard  to  Y  based  CVD 
films,  and  Bi  is  estimated  to  be  about  62T.  ' 


5.  Attenuation  of  Permanent  Current 

The  attenuation  of  permanent  current  can  be  given  by  Equation  (2).  ^  =  6  is 

assumed  for  a  Jcq  of  2  X  10^^  A/m^  at  77  K  and  5T,  as  already  noted.  Under 
this  temperature  and  magnetic  field,  Uq  =  7.44  X  10”  J  (0.47  eV).  This 
shows  that  permanent  current  attenuates  about  11.8  percent  in  one  hour. 
Further,  use  of  materials  under  a  higher  magnetic  field  or  use  of  materials 
having  a  lower  Jcq  shows  a  more  conspicuous  attenuation  of  permanent  current. 
From  this,  it  can  be  thought  that  magnetic  flux  creep  has  a  large  effect  on 
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the  attenuation  of  permanent  current.  The  attenuation  of  all  currents, 
however,  can  be  avoided  by  setting  the  operating  current  at  a  level 
considerably  lower  than  the  critical  current  value.  From  this  sense,  the 
achievement  of  a  Jcq  value  to  a  certain  extent  appears  to  make  it  possible  to 
apply  high  temperature  superconductors,  for  example,  to  energy  handling 
equipment,  etc.  Even  where  a  permanent  current  attenuates  25  percent  per 
hour,  such  permanent  current  value  can  be  maintained  for  3600^  seconds  —5 
months  by  reducing  the  working  current  to  50  percent.  In  this  case,  however, 
the  current  distribution  in  superconducting  wires  changes,  as  shown  in  Figure 
2,  with  the  passage  of  time,  thus  posing  problems  in  cases  where  a  certain 
accuracy  is  required  for  the  magnetic  field,  as  in  the  case  of  MRI  and 
accelerators.  It  appears  necessary,  therefore,  to  take  appropriate  measures 
such  as  the  reduction  of  a  superconducting  element  wire  diameter  as  much  as 
possible. 


Figure  2.  Changes  in  Magnetic  Flux  Distribution  in  Superconducting  Wire 
(upper)  and  Current  Distribution  (lower) 

Solid  lines:  at  the  time  of  current  setting 
Broken  lines:  at  the  time  of  25  percent  attenuation 
Chain  lines:  at  the  time  of  50  percent  attenuation 


The  spread  of  resistance  transition  width  in  a  magnetic  field^^^  poses 
problems,  although  this  matter  is  not  directly  related  to  practical 
application.  The  material  temperature  is  gradually  raised  from  the  low 
temperature  region  and  resistance  occurs.  Such  resistance  is  thought  to 
first  occur  when  the  critical  current  density  rapidly  lowers  due  to  magnetic 
flux  creep  and  becomes  equivalent  to  the  conveyance  current  density.  In 
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other  words,  magnetic  flux  motion  occurs  and  resistance  thereby  occurs.  Such 
magnetic  flux  motion  gives  a  difference  between  the  resistance  generating 
temperature  and  critical  temperature,  that  is,  the  resistance  transition 
width.  From  this,  it  is  thought  that  the  major  mechanism  determining 
resistance  transition  curves  is  a  magnetic  flux  flow  as  in  the  case  of  metal 
based  superconducting  materials.  According  to  such  concept,  if  critical 
current  density  Jc  and  flow  specific  resistance  are  given,  the  electric 
field  at  any  current  density  J  can  be  obtained  by  E  =  o  ^(J-Jc)  and  specific 
resistance  P-  E/J  can  thereby  be  obtained.  The  low  resistance  region 
arising  from  a  pure  magnetic  flux  creep  is  not  discussed  in  this  paper.  The 
use  of  the  Bardeen-Stephen  model  for  makes  it  possible  to  obtain 

resistance  transition  curves  shown  in  Figure  3.  From  using  this  simple 
magnetic  flux  flow  model,  an  anisotropy  of  resistance  transition  curves  can 
be  obtained,  based  on  Bco  anisotropy,  and  swellings  appear  on  the  way  of 
curves.  These  agree  qualitatively  with  the  results  of  experiments  and  it  can 
be  understood  that  resistance  transition  mainly  arises  from  magnetic  flux 
flows.  Precisely  speaking,  it  is  observed  that  the  flow  specific  resistance 
deviates  from  the  Bardeen-Stephen  model  and  the  causes  for  such  deviation 
remain  unknown. 


Figure  3.  Example  of  Resistance  Transition  in  High~Temperature 
Superconductor 

(a)  Shows  a  case  where  the  magnetic  field  is  in  parallel  with  c  axis. 

(b)  Shows  a  case  where  the  magnetic  field  is  vertical  to  c  axis. 
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SUPERCONDUCTIVITY 


Superconducting  Thin  Film  Technology 

906C7513C  Tokyo  KO  ON  CHODENDOTAI  NO  JITSUYOKA  E  NO  TENBO  in  Japanese 
17  Jan  90  pp  15-18 

[Article  by  Hideo  Itozaki,  Itami  Research  Laboratory,  Sumitomo  Electric 
Industry  Co.,  Ltd.] 

[Text]  1.  Preface 

Since  the  discovery  of  high-temperature  oxide  superconductors,  materials 
having  a  higher  critical  temperature  are  being  sought  and  studies  are  being 
conducted  concerning  already  discovered  superconductors.  Meanwhile,  studies 
are  being  positively  carried  out  to  apply  superconductors  having  a  critical 
temperature  higher  than  that  of  liquid  nitrogen  to  energy  and  electronic 
fields.  In  the  energy  field,  research  to  process  high-temperature 
superconductors  into  wires  is  actively  proceeding.  The  critical  current 
density  is  amounting  to  several  ten  thousand  A/cm^.  Meanwhile,  for 
applications  to  electronics,  the  processing  of  high-temperature 
superconductors  to  thin  films  and  upgrading  their  quality  are  also  being 
positively  studied.  At  present,  it  is  possible  to  prepare  thin  films  having 
a  critical  current  density  of  several  million  klcxxT.  In  this  paper,  the 
author  describes  the  achievement  of  high  Jc  using  the  sputtering  process  (so 
far  used  by  the  author)  for  high-temperature  superconducting  thin  films  and 
the  future  outlook  for  the  superconducting  thin  film  manufacturing 
technology. 


2.  Current  Status  of  Superconducting  Thin  Film 


It  is  indispensable  for  the  electronic  field  to  process  materials  used  for 
electronic  equipment  to  thin  films.  A  variety  of  thin  film  manufacturing 
processes  (developed  with  the  progress  of  the  semiconductor  manufacturing 
technology)  have  to  date  been  used  to  study  the  processing  of  high- 
temperature  superconductors  into  thin  films.  As  processes  often  used,  the 
sputtering  process  (physical  evaporation  process)  and  the  vacuum  evaporation 
process  can  be  cited.  These  processes  have  recently  been  improved  and, 
therefore,  the  use  of  such  improved  processes  is  being  currently  studied, 
together  with  the  laser  evaporation  process.  Further,  chemical  evaporation 
processes  such  as  thermal  CVD  and  OM-Cyi^  are  bei^ig  developed.  The  sputtering 
process  is  used  to  process 


Bi,^'  and  TI^^  based  superconductors,  each 
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having  a  Tc  of  liquid  nitrogen  or  higher,  into  thin  films  having  a  high 
critical  current  density.  In  this  paper,  therefore,  the  author  studies  the 
characteristics  of  superconducting  thin  films  so  far  obtained  and  describes 
the  current  status  of  superconducting  thin  film  development. 

Table  1  presents  the  major  superconducting  characteristics — critical 
temperature  (Tc)  and  critical  current  density  (Jc  (77.3  K))  at  a  zero 
magnetic  field  liquid  nitrogen  temperature  of  77.3  K — of  YBCO,  BSCCO,  and 
TBCCO  high-temperature  superconducting  thin  films  so  far  obtained. 


Table  1.  Characteristics  of  YBCO,  BSCCO,  and  TBCCO  Thin  Films 


YBaCuO 

BiSrCaCuO 

TlBaCaCuO 

Tc 

90  K 

i 

105  K 

115  K 

Jc  (77.3  K) 

4  M  A/cm^ 

3.4  M  A/cm^ 

3.2  M  A/cm^ 

1  . - 

Tc  almost  equivalent  to  the  values  so  far  reported  in  regard  to  sintered 
materials  has  already  been  obtained.  Also,  an  extremely  large  critical 
current  density,  exceeding  3,000,000  A/cm^,  has  been  achieved,  compared  with 
a  Jc  of  several  ten  thousand  A/cm"^  reported  on  bulk  materials  and  wires. 
Described  below  are  the  electrical  characteristics,  thin  film  structures, 
etc.  of  YBCO  thin  films,  the  study  of  which  is  being  positively  carried  out. 
Using  the  RF  magnetron  sputtering  process,  thin  films  were  formed  on  an  MgO 
single  crystal  (100)  substrate  at  a  substrate  temperature  of  about  650® C  and 
were  annealed  for  about  one  hour  using  oxygen  of  900'' C  or  higher. 

(1)  Electrical  Characteristics  of  YBCO  Superconducting  Thin  Film 

Figure  1  shows  the  temperature  characteristics  of  resistivity  of  thin  films 
formed  by  the  sputtering  process.  Such  characteristics  greatly  change 
according  to  the  crystallizing  ability  and  oxygen  content  of  thin  films. 
Satisfactory  thin  films  showing  high  Jc  indicate  a  considerably  low  electric 
resistance  and  a  linear  temperature  dependency  that  tends  to  proceed  to  the 
origin  of  the  coordinate  axes  (Figure  1).  Figure  2  shows  the  dependency  of 
Jc  on  the  magnetic  field.  Jc  lowers  with  an  increase  in  the  strength  of  an 
applied  magnetic  field,  though  it  tends  to  slowly  lower  compared  with  bulk 
materials.  A  Jc  of  about  1  million  A/cm^  is  maintained  at  1  tesla. 


Qk 


6.0 


Figure  1.  Dependency  of  YBCO  Superconducting  Thin  Film  Electric  Resistance 
on  Temperature 


Figure  2.  Dependency  of  YBCO  Superconducting  Thin  Film  Jc  on  Applied 
Magnetic  Field  Strength 


(2)  Structure  of  YBCO  Superconducting  Thin  Film 

Figure  3  shows  a  high  resolution  YBCO  superconducting  thin  film  SEM  surface 
photograph.  An  extremely  smooth  surface  has  been  formed  on  an  epitaxially 
grown  thin  film.  The  surface  irregularity  falls  within  a  range  of  less  than 
several  tens  of  A.  X-ray  diffraction  shows  a  sharp  peak  (OOn).  Along  with 
this,  a  streak  pattern  appeared  in  RHEED,  and  this  shows  that  the 
thin  film  has  a  single  crystallizing  ability.  High  Jc  thin  films  have  a 
single  crystallizing  ability.  Thin  films,  in  which  crystal  grain  boundaries 
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are  almost  not  observed,  were  obtained.  It  appears  that  the  lack,  of  crystal 
grain  boundaries  (regulating  a  superconducting  current)  has  resulted  in  a 
high  Jc. 


Figure  3.  Highly  Resolved  YBCO  Superconducting  Thin  Film  SEM  Surface 
Photograph 


A  microscopic  structure  of  single  crystal  superconducting  thin  film  was 
observed  using  a  transmission  electron  microscope  (Figure  4).°-'  The  electro 
diffraction  figure  shows  a  spot  pattern  and  the  range  of  observation  appears 
to  have  a  crystal  orientation  structure. 


Figure  4.  YBCO  Superconducting  Thin  Film  Photographed  Using  Transmission 
Electron  Microscope 
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In  Figure  4,  however,  many  defects  can  be  seen  in  regard  to  a  bright-field  of 
vision  of  a  transmission  electron  microscope.  Linear  defects  are  oriented  in 
the  [110]  direction.  In  addition,  a  high-^resolution  observation  of  defects 
shows  a  continuous  atomic  alignment.  Such  linear  defects,  therefore,  can  be 
thought  to  be  twin  boundaries.  Such  twin  crystals  are  thought  to  arise  from 
a  slight  difference  in  the  length  between  the  a  and  b  axes  of  a 
superconductor.  Further,  many  irregular  contrasts  can  be  seen  in  the  figure 
and  each  crystal  face  slightly  inclines.  These  show  that  residual 
distortions  are  introduced  on  a  large  scale.  In  addition,  many  dislocations 
and  microscopic  linear  defects  can  be  observed.  As  shown  in  Figure  2, 
superconducting  thin  films  also  maintain  a  high  current  density  in  a  high 
magnetic  field.  It  is  necessary,  therefore,  to  pin  magnetic  flux  lines 
entering  superconducting  thin  films.  It  appears  that  these  highly  dense 
introduced  defects  serve  as  magnetic  flux  line  pinning  centers. 

(3)  As-grown  Superconducting  Thin  Film  and  High-Speed  Film  Formation 

So  far,  the  Tc  of  high-temperature  superconducting  thin  films  has  been  low 
immediately  after  formation.  Formed  films,  therefore,  were  annealed  for  a 
fixed  time  by  introducing  oxygen  into  the  chamber  after  formation.  Further, 
formed  films  were  annealed  in  a  high-temperature  (about  900 ®C)  oxygen 
atmosphere  to  raise  the  Tc  to  80  K  or  higher.  Such  heat  treatment,  however, 
causes  reactions  between  the  superconducting  thin  film  and  substrate  and 
should  preferably  be  avoided.  It  has  recently  become  possible  to  obtain  high 
Tc  and  high  Jc  superconducting  thin  films  without  using  the  above  heat 
oxidation  treatments.  This  appears  to  have  resulted  from  the  development  of 
a  technology  in  which  thin  films  are  placed  in  a  fully  oxidized  state  during 
growing  by  feeding  activated  oxygen  to  the  thin  film  surfaces. 

Further,  a  technology  for  forming  thin  films  at  higher  speed  is  being 
developed,  together  with  the  said  as-grown  technology.  It  is  reported  that 
thin  films  having  a  Jc  of  more  than  1,000,000  A/cm^  were  obtained  using  as- 
grown  thin  films.  Data  on  such  reports  are  shown  in  Figure  5  in  terms  of  a 
function  of  Jc  and  film  forming  speed.  The  film  forming  speed  has  been 
improved  from  several  A/s  to  more  than  ten  1/s.  This  is  making  it  possible 
to  obtain  high  Jc  thin  films  by  higher-speed  film  formation.  The  author  has 
been  able  to  obtain  as-grown  thin  films  (epitaxially  grown  by  feeding 
oxygen — converted  into  rf  plasma — to  thin  films  under  growing)  by  a  high¬ 
speed  film  formation  of  6  A/s,  using  the  evaporation  process. 
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Figure  5.  Jc  and  Film  Formation  Speed  of  As-Grown  YBCO  Superconducting  Thin 
Film 


As  mentioned  above,  the  technology  for  processing  high-temperature 
superconductors  into  thin  films  has  so  far  been  developed.  At  present, 
extremely  smooth,  epitaxially  grown  single  crystal  thin  films  are  being 
obtained  at  comparatively  high  speed  using  as-grown  thin  films  without  high- 
temperature  annealing  treatment. 

3.  Future  Outlook  for  Superconducting  Thin  Film 

The  positive  research  and  development  of  high-temperature  superconducting 
thin  films  has  made  it  possible  to  obtain  epitaxially  grown  thin  films.  It 
appears,  therefore,  that  studies  on  practical  use  of  superconducting  thin 
films  will  more  positively  proceed  in  the  future. 

In  the  electronic  field,  studies  on  processing  superconducting  thin  films  for 
devices  are  about  to  be  carried  out  positively.  The  technology  for 
processing  superconductors  into  thin  films  is  expected  to  be  connected  with 
the  semiconductor  manufacturing  processes.  To  this  end,  it  is  necessary  to 
develop  technologies  such  as  lower  temperature  process,  growing  of 
superconducting  thin  films  on  semiconductor  substrates,  hetero-epitaxial 
growth,  and  laminating.  In  view  of  processing  superconducting  thin  films  for 
devices,  it  is  thought  that  bonding  technology  will  be  studied  and  that 
microscopic  processing  technology  will  also  proceed. 

Studies  are  also  being  carried  out  concerning  the  use  of  high-temperature 
superconducting  thin  films  as  superconducting  wires,  where  it  is  necessary  to 
form  thin  films  on  lengthy  substrates.  In  this  case,  polycrystals  are 
presumed  to  be  used  as  substrate  materials.  At  the  present  moment,  high  Jc 
thin  films  can  be  obtained  solely  on  single  crystal  substrates.  It  appears 


88 


that  the  development  of  a  technology  allowing  high  Jc  thin  films  to  be 
obtained  will  also  be  carried  out  in  regard  to  polycrystalline  substrates. 
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SUPERCONDUCTIVITY 


Application  of  High-Temperature  Superconductor  to  Electronics 

906C7513D  Tokyo  KO  ON  CHODENDOTAI  NO  JITSUYOKA  E  NO  TENBO  in  Japanese 
17  Jan  90  pp  19-22 

[Article  by  Takeshi  Kobayashi,  Engineering  Dept.,  Osaka  University] 

[Text]  1.  Preface 

High-temperature  oxide  superconductors  are  very  attractive  substances  because 
their  critical  temperature  is  extremely  high  compared  with  conventional 
metal-based  superconductors.  They  are  characterized  as  follows: 

-  Liquid  nitrogen  can  be  used  as  a  cooling  medium. 

-  Ultra  high  frequency  waves  based  on  highly  condensed  energy  are  used. 

-  Properties  peculiar  to  the  materials  concerned  are  effectively 
utilized. 

Satisfactorily  utilizing  these  features,  high-temperature  superconductors  are 
expected  to  be  widely  applied  to  electronic  equipment.  The  crystal 
structure,  however,  is  complicated  and  it  is  desired  that  rapid  progress  be 
made  in  the  crystal  manufacturing  technology  for  the  practical  use  of  high- 
temperature  superconductors. 

Crystals  of  a  series  of  high-temperature  superconductors  (Tc  >  77  K)  such  as 
YBaCuO  are  not  only  plural  system  compounds,  but  also  are  far  from  cubic 
systems.  In  addition,  an  anisotropy  resistant  to  electrical  and  optical 
properties  can  be  observed.  From  the  engineering  standpoint,  it  appears 
slightly  difficult  to  manufacture  and  use  high-temperature  superconductors. 

It  is  a  great  pleasure,  however,  for  men  to  have  been  able  to  obtain  such 
characteristic  electronic  materials.  Struggles  with  the  new  materials  that 
involve  many  difficulties  in  research  are  not  only  our  greatest  pleasure  but 
also  our  obligation.  Immediately  after  the  discovery  of  such  high- 
temperature  superconductors,  the  author  advocated  the  usefulness  of  the 
"hetero-epitaxial  technology,”  while  expecting  that  research  is  widely 
carried  out  on  such  technology.  The  number  of  research  institutes  involved 
with  the  hetero-epitaxial  growth  appears  to  have  recently  increased,  and  this 
gives  me  a  great  pleasure.  High-temperature  oxide  superconductors  are 
multielement  crystals  and  should  be  handled  in  the  same  manner  as  for  the 
compound  semiconductor  system.  It  is  the  hetero-epitaxial  technology  that 
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properly  utilizes  compound  semiconductors.  It  is  well  known  that  a  marked 
progress  in  the  hetero-growth  technology  has  caused  the  hetero-epitaxial 
technology  to  receive  much  attention  and  to  be  applied  to  a  wide  variety  of 
fields.  Similarly,  establishment  of  the  hetero-epitaxial  growth  technology 
promises  us  that  the  specific  features  of  high-temperature  oxide 
superconductors  are  utilized  for  application  to  electronics.  Meanwhile,  new 
probes  can  be  offered  to  physical  property  research.  From  both  the 
engineering  and  physical  science  standpoints,  the  hetero-epitaxial  technology 
is  expected  to  play  a  vital  role. 

The  hetero-epitaxial  laminated  structure  is  a  key  technology  indispensable  to 
achieving  the  practical  use  of  Josephson  junctions  that  represent 
superconducting  devices.  In  addition,  the  hetero-epitaxial  laminated 
structure  may  play  a  key  role  in  creating  new  superconducting  devices,  in 
which  the  new  functions  of  oxide  superconductors  are  utilized.  As  examples, 
the  electric  field  effect  of  the  YBaCuO-MIS  structure,  recently  discovered  by 
our  group,  can  be  cited.  This  research  is  also  completely  supported  by  the 
hetero-epitaxial  technology. 

This  paper  describes  advantages  and  disadvantages  in  the  application  of  high- 
temperature  superconductors  to  electronics.  Then,  examples  of  attractive 
applications  and  specific  matters  in  question  are  made  clear.  Points  so  far 
attained  and  problems  to  be  resolved  in  the  future  are  also  described. 

2.  Specific  Features  of  High-Temperature  Oxide  Superconductors 

-  Multielement  compound  crystal: 

-  Abundant  replacement  of  elements  (superconducting,  non¬ 
superconducting,  insulating,  magnetic,  non-magnetic,  etc.). 

-  Difficult  to  adjust  stoichiometry. 

-  Under  high-quality  crystal  performance,  high-temperature 
superconductivity  can  be  obtained.  (Achievement  of  highly  advanced 
film  forming  technology  and  process  technology.) 

-  Anisotropy: 

-  Local  semi  two-dimensional  electric  conductivity  (application  to 
functional  device). 

-  Low  carrier  concentration: 

-  Highly  efficient  modulation  of  superconductivity  due  to  modulation  of 
carrier  density  (injection,  electric  field  effect,  light  irradiation). 

-  Improvement  of  transparency. 

-  Weak  superconductive  bonding  of  grain  boundaries  (grain  boundary 
Josephson). 

-  Increases  in  high  frequency  surface  resistance. 
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-  Short  coherence  length: 

-  Achievement  of  superconducting  thin  films. 

-  Weak  superconductive  bonding  of  grain  boundaries. 

-  Indispensable  completeness  of  surface  and  interface  crystals. 

The  progress  of  application  of  high-temperature  superconductors  to  the 
electronic  field  is  slow,  contrary  to  our  expectation,  because  the  above 
mentioned  problems  in  material  engineering  are  preventing  smooth 
applications.  In  addition,  establishment  of  the  epitaxial  growth  technology 
for  compound  crystals  having  a  complicated  structure  is  taking  much  time. 

The  conventional  Nb  based  superconducting  devices  were  typical  thin  film 
devices.  Generally,  thin  film  devices  are  those  formed  by  films  accumulated 
in  a  single  layer  or  in  laminated  layers  using  the  evaporation  and  sputtering 
processes.  The  characteristics  of  the  above  high-temperature 
superconductors,  however,  do  not  allow  high-temperature  superconductors  to  be 
used  as  thin  film  devices.  The  effective  use  of  high-temperature 
superconductors  cannot  be  considered  without  high-quality  epitaxial  or 
hetero-epitaxial  growth.  YBCO  easily  separates  oxygen  by  high-temperature 
processing  or  ion  irradiation.  It  has  been  made  clear  that  the  effect  of 
ions  accelerated  to  500  eV  makes  it  possible  to  completely  separate  Cu-0  one¬ 
dimensional  chain  0  atoms. 

3.  Requirements  for  Applying  High-Temperature  Superconductor  to  Electronics 
3.1  Josephson  Junction 

Hopes  are  being  placed  on  the  achievement  of  superconductor-insulator- 
superconductor  (SIS)  Josephson  junctions.  In  other  words,  crystals  are 
arranged  in  such  a  way  that  the  conduction  surface  is  located  vertically  with 
respect  to  the  insulator  (I)  layer  and  that  planes  on  both  sides  accurately 
face  each  other.  Further,  a  superior  superconductivity  must  be  maintained  in 
the  vicinity  of  the  interface  between  I  layers  and  superconducting  layers. 
Double  hetero-epitaxy,  although  it  is  being  currently  developed,  can  comply 
with  this  requirement. 

Instead,  grain  boundary  Josephson  junctions  (GBJJ)  and  SNS  devices,  in  which 
the  I  layer  is  replaced  by  a  non-superconductor  N,  are  being  positively 
studied.  GBJJs  are  devices  that  can  be  currently  operated  at  the  highest 
temperature.  They,  however,  use  polycrystalline  films,  and  noise  arising 
from  magnetic  flux  quantum  creep  at  grain  boundaries  and  abnormal  increases 
in  high-frequency  surface  resistance  are  posing  problems.  IBM,  however, 
manufactured  all  based  GBJJ-SQUID  for  experiments  and  has  confirmed 
operations  superior  to  an  Nb-SQUID  (rf)  operating  at  4.2  K.  This  is  a  topic 
of  great  interest  to  us. 
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3.2  High-Frequency  Line,  Wiring 

Superconductors  show  a  complete  zero  resistance  with  respect  to  dc  current 
but  show  resistance  with  respect  to  a  high-frequency  current.  An  ac  magnetic 
field  enters  from  superconductor  surfaces,  induces  an  ac  electric  field, 
accelerates  semi-particles  in  the  superconductor,  and  a  loss  thereby  occurs. 
This  is  surface  resistance.  Such  surface  resistance  increases  as  the  square 
of  a  frequency.  It  is  expected,  however,  that  at  77  K,  such  surface 
resistance  becomes  a  value  smaller  than  the  Cu  line  maintained  at  the  same 
temperature  up  to  a  hundred  and  several  ten  GHz.  Results  as  estimated  were 
obtained  by  using  epitaxial  films  and  single  crystals.  Polycrystalline 
films,  however,  showed  results  worse  than  Cu  lines  because  grain  boundaries 
and  large  defects  in  crystals  cause  an  abnormal  resistance.  It  is  required, 
therefore,  that  an  epitaxial  technology  capable  of  being  used  for 
semiconductor  circuit  wiring  and  inter-chip  wiring  be  urgently  established. 

In  AT&T’s  Bell  Labs,  it  has  been  observed  that  40  ps  dual  pulses  can  be 
transmitted  through  a  5-cm  YBCO  strip  line  almost  without  involving 
distortions.  In  the  case  of  Cu  lines,  a  large  attenuation  of  signals  and  a 
large  deterioration  of  waveforms  could  not  be  avoided.  In  this  case, 
epitaxial  films  also  proved  to  be  highly  effective. 


SURFACE  RESISTANCE  VS  FREQUENCY 


Frequency  in  GHz 


10  GHz  SURFACE  RESISTANCE 


TEMPERATURE  {K) 


3.3  Magnetic  Shielding  and  Acceleration  Cavity 

One  of  the  main  uses  of  the  superconducting  Meissner  effect  is  for  magnetic 
shielding,  although  this  results  in  geometrically  large  shapes. 
Superconductors  prepared  using  polycrystals  have  many  grain  boundaries,  and 
external  magnetic  fields  are  trapped  in  such  grain  boundaries.  Further,  the 
creeping  of  trapped  magnetic  flux  quanta  gives  noise  to  the  measuring 
system. 

Microwave  acceleration  cavities  are  indispensable  for  particle  acceleration. 
Efforts  are  being  made  to  reduce  cavity  loss  as  much  as  possible  in  order  to 
use  microwave  acceleration  cavities  with  a  large  electric  power.  For  such 
purpose,  superconducting  cavities  are  used.  In  this  case,  however,  the 
aforesaid  surface  resistance  poses  problems. 
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In  any  event,  the  above  equipment  is  large  in  shape  and  it  is  necessary  to 
develop  a  new  technology  to  manufacture  single  crystal  films  (having  a  large 
area)  that  can  be  supplied  to  such  large  equipment. 

3.4  High-Temperature  Superconducting  Three-Terminal  Device  (transistor) 

Development  of  three-terminal  devices  having  superconducting  characteristics 
is  our  long-cherished  dream.  (Several  devices  have  to  date  been  proposed  and 
manufactured  for  experiments  but  have  not  yet  been  put  into  practical  use.) 
There  is  a  movement  to  manufacture  superconducting  field-effect  transistors 
(that  are  familiarized  in  semiconductors)  by  using  the  low  carrier  density  of 
high-temperature  oxide  superconductors.  Preliminary  experiments  have  already 
been  started. 

It  is  necessary  to  prepare  epitaxial  films  whose  electric  conduction  surfaces 
are  properly  arranged  to  improve  the  characteristics  and  to  establish  a 
technology  for  manufacturing  a  laminated  structure,  in  which  the  level  of  the 
interface  between  gate  insulating  films  and  high-temperature  superconductors 
is  reduced  as  much  as  possible.  The  use  of  the  hetero-epitaxial  technology 
is  indispensable  for  such  purpose. 

4.  Current  Status  of  Hetero-Epitaxial  Technology 

As  mentioned  above,  the  hetero-epitaxial  growth  technology  plays  a  vital  role 
in  applying  high-temperature  superconductors  to  electronic  equipment.  The 
hetero-epitaxial  growth  technology,  however,  remains  unmatured  and  this  gives 
us  a  feeling  that  the  use  of  high-temperature  oxide  superconductors  involves 
difficulties.  Semiconductor  lasers  may  not  have  been  put  into  practical  use 
without  the  hetero-technology. 

So  far,  the  author’s  group  has  pursued  the  possibility  of  YBCO-MgO-YBCO 
double  hetero-epitaxial  growth.  As  a  result,  it  has  become  possible  to 
prepare  hetero-structures  consisting  of  a  variety  of  crystal  orientation 
combinations  as  shown  below. 

A  super  lattice,  in  which  YBCO/LSCO  was  laminated  lattice  by  lattice  at  two 
cycles  (48  A),  has  recently  been  manufactured.  Further,  super  thin  films,  in 
which  YBCO  was  grown  at  a  thickness  of  about  20  A,  have  been  manufactured  and 
critical  temperatures  ranging  from  50  to  60  K  have  been  achieved.  In  other 
words,  research  has  made  progress  to  the  extent  that  high-temperature 
superconductors  consisting  of,  so  to  speak,  only  surfaces  can  be 
satisfactorily  operated. 

For  application  to  electronic  equipment,  it  is  necessary  to  utilize  the  real 
characteristics  of  high-temperature  superconductors.  Such  application  will 
be  started  in  the  near  future.  To  this  end,  it  is  desired  that  research  be 
conducted  in  a  fully  scientific  manner. 


YBCO(nO) 


yBco(ooi) 


MgO(lOO) 

YBCOdOO) 

MgO(lOO) 
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SUPERCONDUCTIVITY 


Processing  of  Superconductors  into  Superconducting  Wires 

906C7513E  Tokyo  KO  ON  CHODENDOTAI  NO  JITSUYOKA  E  NO  TENBO  in  Japanese 
17  Jan  90  pp  23-26 

[Article  by  Tsukasa  Kono,  Key  Material  Research  Laboratory,  Fujikura,  Ltd.] 
[Text]  1.  Preface 

Most  technologies  for  applying  superconductors  to  energy  technology  are  based 
on  coils.  Research  on  the  conventional  metal  group  superconducting 
materials,  therefore,  has  been  carried  out  with  emphasis  on  the  technology 
for  processing  superconducting  materials  into  superconducting  wires 
(hereinafter  referred  to  as  "wire  manufacturing"),  which  were  applied  to 
coils.  High-temperature  superconductors  are  still  in  the  process  of  initial 
research  and  have  not  yet  reached  the  stage  in  which  wire  manufacturing 
technology  can  be  fully  discussed,  as  in  the  case  of  the  metal  group 
superconducting  materials.  Since  the  discovery  of  La  based  superconductors, 
however,  various  researches  have  been  conducted  concerning  the  wire 
manufacturing  technology  in  which  the  characteristics  of  high-temperature 
superconductors  are  utilized.  The  superconducting  characteristics  of  wires 
are  gradually  being  improved,  although  such  characteristics  are  not  superior 
to  those  obtained  by  the  thin  film  preparing  technology  used  for 
manufacturing  devices. 

In  this  paper,  an  outline  of  the  wire  manufacturing  technology  and  the 
details  of  research  being  challenged  by  each  research  institute  are 
introduced  to  review  the  current  and  future  research  and  development  state. 

2.  Outline  of  Wire  Manufacturing  Process 

The  superconducting  wire  manufacturing  process  can  be  classified  into  three 
types,  based  on  the  properties  of  ceramics:  solid  phase  process  (emphasis 
laid  on  powder  sintering);  liquid  phase  process  (emphasis  laid  on  powder 
melting);  and  vapor  phase  process  (emphasis  laid  on  thin  film  formation).  On 
the  basis  of  the  characteristics  of  these  processes,  therefore,  studies  have 
to  date  been  carried  out  concerning  the  wire  manufacturing  process.  Figure  1 
shows  an  example  of  classification  of  the  above  processes. 
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Figure  1.  Classification  of  Wire  Manufacturing  Process 


At  the  initial  stage  of  research,  researchers  showed  a  marked  tendency  to  use 
various  processes  at  random  for  wire  manufacturing.  However,  as  knowledge  on 
the  anisotropy  and  crystal  orientation  of  high-temperature  superconductors 
was  gradually  obtained,  research  on  processes  has  been  carried  out  based  on  a 
story.  The  various  views  of  the  story,  however,  may  be  arranged  as  per 
Figure  2. 

3.  Current  Status  of  and  Challenge  to  Wire  Manufacturing 

The  current  status  of  wire  manufacturing  using  the  sheath  process  of  the 
solid  phase  process,  the  melting  process  of  the  liquid  phase  process,  and  the 
thin  film  process  of  the  vapor  phase  process  is  described  below,  from  among 
the  wire  manufacturing  processes  shown  in  Figure  1. 

(1)  Sheath  Process 

Many  studies  are  being  carried  out  for  the  sheath  process  of  the  solid  phase 
process.  This  process  is  characterized  not  only  by  the  advantages  on  the 
processing  side,  but  also  by  the  advantages  as  wires  as  described  below. 

-  Advantages  on  processing  side: 

-  The  conventional  metal  processing  technology  can  be  used. 

-  The  simplest  equipment  can  be  used. 

-  Advantages  as  wires: 

-  The  sheath  process  is  suitable  for  manufacturing  lengthy  wires. 

-  A  comparatively  large  amount  of  electrified  current  can  be  taken. 
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Crystal 

-  Removal  of  impurities  (removal  of  foreign  matter  and 
foreign  phase) 

-  Control  of  oxygen  content  (transformation  of  YBCO 
system  phase) 

-  Control  of  grain  boundaries  (weak  bonding  and  magnetic 
flux  flow,  reduction  of  grain  boundaries  — ^  single 
crystallization) 

Bulk 

materials 

-  Density  of  sintered  material  (securing  of  current 
path) 

-  Crystal  orientation  (anisotropy:  ab  axes c  axis) 

-  Homogeneity  (short  ^  •  wide  heterogeneity  of 
substance  — ^  heterogeneous  superconductivity) 

-  Introduction  of  pins  (microscopically  scattered  phase, 
others) 

Wires 

-  Processing  for  orientation  (rolling:  conformity  of  i 

ab  axes  with  processing  direction) 

~  Processing  for  grain  boundary  control  (reduction  of 
diameter  partial  melting,  directional  solidification) 

-  Lengthy  homogeneity  (securing  of  homogeneous 
superconductivity) 

-  Processing  of  orientated  thin  films  to  tape  conductors 
(matching  with  base  material,  high  orientation) 

Figure  2.  Wire  Manufacturing  Process  Research  Story  (Themes  to  be  conquered 
and  their  details,  and  actual  examples) 


The  dependency  of  a  critical  current  on  a  magnetic  field,  however,  is  large; 
the  degree  of  crystal  orientation  cannot  be  raised  as  in  the  case  of  thin 
films.  Rises  in  critical  current  density  are  often  retarded  due  to  the 
inclusion  of  a  large  amount  of  grain  boundaries.  Critical  current  density 
(Jc)  of  the  wires  obtained  by  this  process  is  still  lower  by  about  two  digit 
numbers  compared  with  that  of  thin  films.  Utilizing  the  specific  features  of 
wires  whose  critical  current  (Ic)  is  high,  20  tape  wires  were  processed  to 
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cables.  As  a  result,  it  has  become  possible  to  obtain  a  critical  current  of 
150  A.  ^  Table  1  presents  the  maximum  critical  current  density  (so  far 
reported)  of  wires. 


Table  1.  Critical  Current  Density  (OT,  77  K)  of  Wires  Manufactured  by  Silver 
Sheath  Process 


Component 

Research 

Institute 

Dimensions 
(unit:  mm)  | 

Jc  (A/cm^) 

Y-Ba-Cu-O 

Sumitomo  Electric  | 
Industries,  Ltd. 

0.5tx3.6Wx30L 

4.1x10^ 

1 

1 

Bi-Pb-Sr-Ca-Cu-0 

Furukawa  Electric 
Co.,  Ltd. 

1 

3.5x10^ 

Tl-Pb-Ca-Ba-Cu-0 

j 

Sumitomo  Electric 
Industries,  Ltd. 

0.15tx3.0Wx40L 

1.08x10^ 

In  the  case  of  the  YBCO  system,  the  critical  current  density  has  not  yet  been 
improved  compared  with  4.1  x  10*^  A/cm^  (OT,  77  reported  in  1988  as  the 

sheath  process.  However,  there  is  an  example  in  which  the  critical  current 
density  showed  1  x  10^  A/cm^  (IT,  77  as  a  result  of  the  directional 

solidification  technique  having  been  applied  after  processing.  This  can  be 
said  to  be  an  attempt  to  conquer  the  lowering  of  Jc  arising  from  grain 
boundaries,  using  the  melting  process. 

Meanwhile,  the  BSCCO  system  accounts  for  the  largest  portion  of  the  top  data 
recently  obtained  by  the  sheath  process.  As  the  highest  value,  3.5  x  10^ 
klojsr  (OT,  77  has  been  reported.  YBCO  and  TBCCO  systems  are  bulk 

crystal  structures,  whereas  the  BSCCO  system  is  a  flake-shaped  crystal 
structure.  Crystals,  therefore,  are  liable  to  be  lined  up  in  the  rolling 
direction  due  to  the  rolling  force  applied  during  the  reduction  of  diameters. 
Thus,  it  appears  that  an  electric  current  has  come  to  easily  flow  dde  to  a 
high  orientation.  This  is  the  reason  that  the  Jc  of  BSCCO  system  is  high. 

In  the  case  of  wires  of  3.5  x  10^  A/cm^,  Jc  values  were  arranged  based  on  the 
degree  of  the  crystal  orientation,  and  a  high  Jc  is  reported  to  have  been 
obtained  by  achieving  an  orientation  of  99  percent. 

(2)  Melting  Process 

The  melting  process  served  to  easily  orient  crystals  in  YBCO  materials  first 
obtained  by  the  melt  textured  growth  (MTG)  process. In  addition,  high  Jc 
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values,  1.7  x  10^  A/cm^  (OT,  77  K)  and  4.0  x  10^  A/cm^  (IT,  77  K),  were 
reported  under  a  magnetic  field  and  received  much  attention.  Later,  with 
regard  to  YBCO  system,  non-superconducting  phase  (211  phase)  microscopic 
particles  were  scattered  in  a  YBCO  superconductor  using  the  quench  and  melt 
growth  (QMG)^^  process,  and  pinning  centers  were  introduced.  Thus,  it  was 
revealed  that  such  pinning  centers  may  serve  to  improve  Jc. 

Jc  =  1  X  10^  A/cm^  (IT,  77  K)  was  an  important  value  in  view  of  securing  Jc 
under  a  magnetic  field,  although  this  value  was  introduced  from  the 
magnetization  characteristics.  No  attempts  for  wire  manufacturing  using  the 
above  process  have  yet  been  reported,  and  many  hopes  are  placed  on  such 
attempts.  Trials,  however,  are  currently  being  carried  out  for  bulk  disk 
magnets.  To  improve  the  magnetic  field  characteristics  of  a  disk  magnet,  the 
melting  powdering  melting  growth  (MPMG)'^  process  has  been  developed.  This 
process  adopts  concepts  on  the  powder  process  as  an  improved  process;  it 
introduces  midway  powdering  mixing,  and  pressing  processes  to  more 
effectively  carry  out  211  phase  dispersion.  Magnetic  fields  of  IT  and  0.16T 
at  4.2  K  and  77  K,  respectively,  are  reported  to  have  been  generated  on  an 
experimental  basis . 

Superconducting  materials  placed  in  a  melted  state  are  shaped  into  wires  and 
are  processed  into  a  solidified  state  without  changing  the  shape,  thus 
superconducting  wires  are  obtained.  This  process  can  be  easily  conceived  as 
a  general  melting  process.  For  the  YBCO  system,  however,  the  phases  are 
liable  to  be  separated  in  a  melted  state,  thus  involving  difficulties  in 
obtaining  a  large  stable  volume  of  superconducting  phases.  Various 
researches,  therefore,  are  being  conducted  on  the  melting  process  in  the  BSCO 
system,  in  which  superconducting  phases  can  be  stably  obtained  compared  with 
other  systems.  Research  is  also  being  conducted  on  the  process  in  which 
solidified  phases  are  formed  on  metal  tape  to  prepare  tape  conductors, 
processes  in  which  fibers  are  prepared  by  the  drawing  process  or  the  spinning 
process ,  etc. 

To  process  BSCCO  superconductors  into  fibers,  studies  are  being  carried  out 
on  the  laser  pedestal  process, U  -cz  process, etc.  BSCCO  fibers  of  2.5 
mm  dia.  x  90  mm  long  and  0.32  mm  dia.  x  150  mm  long  have  already  been 
obtained  using  the  respective  processes.  Both  processes  show  similar 
characteristics  as  described  below. 

-  Laser  pedestal  process:  Tc  =  87  K,  Jc  =  3.07  x  10^  A/cm^  (OT,  77  K) 

-  y  -cz  process:  Tc  =  84  K,  Jc  =  3.17  x  10^  A/cm^  (OT,  77  K) 

Fibers  prepared  by  the  y -cz  process  are  reported  to  have  been  satisfactorily 
oriented  in  the  longitudinal  direction.  Wire  manufacturing  using  fibers, 
however,  poses  many  problems,  such  as  procedures  for  manufacturing  lengthy 
wires  and  study  of  compounding  to  improve  the  critical  current  value. 

The  above  two  processes  aim  at  improving  Jc  by  forming  BSCCO  system  low  Tc 
phases  (2212  phase).  It  is  difficult  to  change  a  high  Tc  phase  (2223  phase) 
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to  a  single  phase,  in  the  BSCCO  system*  It  is  more  difficult  to  achieve  a 
high  Jc  of  a  high  Tc  phase.  Consequently,  a  low  Tc  phase  that  can  be  stably 
obtained  is  formed  and  the  crystal  orientation  is  improved  as  much  as 
possible  to  achieve  a  high  Jc.  These  are  being  intensively  carried  out. 

(3)  Thin  Film  Process 

It  is  necessary  for  specific  features  such  as  highly  oriented  films  high  Jc 
films,  and  single  crystal  films  on  single  crystal  substrates,  to  be  able  to 
be  reproduced  on  metal  tape  without  involving  any  changes.  This  holds  the 
key  to  success  in  wire  manufacturing  using  the  thin  film  process.  It  can  be 
said  that  research  on  wire  manufacturing  using  the  thin  film  process  (being 
currently  studied)  is  proceeding  under  the  above  story.  There  are  many  thin 
film  processes  other  than  those  shown  in  Figure  1,  and  they  are  used  mainly 
in  the  semiconductor  field.  Wire  manufacturing  is  thought  to  be  being 
studied  using  the  thin  film  process  suitable  for  each  research  institute, 
although  the  final  target  of  each  institute  is  to  form  thin  film 
semiconductors  on  a  lengthy  metal  tape.  Most  research,  however,  is  currently 
concentrated  on  how  satisfactory  superconductors  can  be  formed  on  a  single 
crystal  substrate,  as  basic  research  on  processes.  An  attempt  is  also  being 
made  to  form  superconducting  thin  films  on  metal  tape,  although  it  is  short 
tape. 


Table  2  presents  the  processes  that  have  already  been  reported  as  wire 
manufacturing  research. 

Every  material  given  in  Table  2  is  a  short  specimen,  still  in  the  process  of 
basic  research,  and  appears  to  become  future  large  themes.  One  of  the 
purposes  of  wire  manufacturing  using  the  thin  film  process  is  to  secure  a  bar 
about  1  m  in  length  that  has  the  following  characteristics.  This  makes  it 
possible  to  obtain  wires  having  a  critical  current  of  several  10  A,  and 
thereby  to  carry  out  basic  study  on  electricity  application  technology. 


-  Dimensions  of  a  superconductor:  10  pt  x  5  ramW 

2  X  10^  A/cm^  (0  to  about  IT,  77  K) 


-  Jc  of  a  superconductor: 
~  Ic  of  a  superconductor: 


several  10  A 


(4)  Prospects  for  Wire  Manufacturing 


The  current  status  of  research  on  wire  manufacturing  using  the  solid  phase, 
liquid  phase,  and  vapor  phase  processes  was  reported  in  this  paper.  Although 
the  processes  used  by  the  individual  researchers  may  differ  from  each  other, 
the  final  target  is  to  develop  wires  having  characteristics  that  can  be 
applied  to  electricity  technology.  One  such  final  target  can  be  arranged  as 
per  Table  3. 
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Table  3.  Target  of  Wire  Manufacturing  (example) 
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Some  materials  are  already  in  the  first  step,  but  can  be  said  to  be 
considerably  before  the  first  step,  if  their  Jc,  Ic,  and  bar  length  under  a 
magnetic  field  are  considered.  At  the  second  and  third  steps,  only  the 
cooling  medium  is  changed  from  liquid  helium  to  liquid  nitrogen.  Achievement 
of  these  steps,  however,  will  require  considerable  time  and  a  large 
breakthrough  in  problems  such  as  clarification  of  the  basic  pin  structure  and 
magnetic  flux  movement  structure,  and  a  balance  between 
anisotropy/orientation  control  and  magnetic  field  direction,  as  high- 
temperature  superconductors.  Such  breakthrough  depends  on  the  progress  in 
the  future  research  and  development.  Research  is  also  being  conducted  on  the 
possibility  or  otherwise  of  using  high-temperature  superconductor  Hc2  for 
high  magnetic  field  applications;  such  research  is  receiving  much  attention 
as  a  new  type  of  research. 
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